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EXECUTIVE SUMMARY

This report presents the results of the stabilization/corrective measures implemented to date to
fulfill requirements of Solatia Inc.’s (Solutia, formally Monsanto) Nitro, West Virginia facility
Resource Conservation and Recovery Act (RCRA) Corrective Action and Waste Minimization
Permit (Permit). Specifically, this report constitutes the Performance Evaluation element as
required under the Permit and the approved Stabilization/Corrective Measures Study (SCMS)
Report. This report provides an analysis of the effectiveness of remediation efforts for ground-
water and light non-aqueous phase liquids (LNAPL), as well as documentation of additional

closure activities associated with previously closed surface impoundment units.

Environmental investigations of the facility’s fourteen solid waste management units (SWMUs)
which are subject to RCRA Corrective Action were completed in 1994, and findings were
presented in the approved RCRA Facility Investigation (RFI) Report and Stabilization/Corrective
Measures Plan (SCMP), dated May 5, 1995 and the Addendum to the RCRA RFI and SCMP
dated Aungust 7, 1995. An evaluation and selection of remedial alternatives was provided in the
Stabilization/Corrective Measures Study Report (SCMS), dated February 29, 1996 (as revised)
and approved July 1, 1996.

The RFI included ground-water investigations for all but one of the SWMUs, whereas
investigations of other environmental media (soil, sediment and surface water) were required at
three of the 14 SWMUs. The emphasis on ground-water investigations was consistent with the
Permit and was based on the findings of the RCRA Facility Assessment (RFA) completed in
1986. Ground-water quality data indicated the highest dissolved-phase concentrations of volatile
organic compounds (VOCs) and base neutral/acid extractable (BN/AE) semivolatile organic
compounds occurred in three primary areas of concern (AOCs). These include the following
three SWMUSs: the Past Disposal Area (PDA); the Trichloroethene (TCE) Hot-Spot Area; and
the former City of Nitro Dump. Separate-phase product (kerosene) was also observed in

monitoring wells located along the northern portion of the Past Disposal Area SWMU.
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Major stabilization projects which address surficial soil sources were completed under a Consent
Order with United States Environmental Protection Agency (USEPA) in the late 1980s for the
Past Disposal Area and the former City of Nitro Dump. RCRA closures of four wastewater

treatment/storage basins associated with the wastewater treatment plant were also completed in

the late 1980s under RCR isive Facility Sewer System
rehabilitation program is « irate Stabilization Measures
Work Plan to further ad sult of the significant soil
stabilization efforts comp L( ‘2’ . : a[ rective Action process, the
focus of the selected stak S ~ ;7( “L ss residual dissolved-phase
concentrations in ground /'\23 = —/7 /‘)&J /'sqlary areas of concern. As
described in this report, physical stabilization and

backfilling of basins whic 1 Status closure) were also

conducted in the Basin A3 swater treatment system.

5 € / 177 /A
}/ ”
To assist in the process of screening areas where further stabilization measures were not
warranted and prioriﬁzing areas where additional stabilization measures were to be implemented,
the SCMS included a site-specific, nsk-based prioritization assessment and ground-
water/surface-water flow model. The goals of the prioritization assessment were to vcﬁfy the
constituents of potential concern, refine the delineation of the primary areas of concem and
establish the relative priority of implementing stabilization/corrective measure technologies. The
prioritization assessment was premised on the RFT findings that: (1) there is no local use of
ground water or surface water for potable supply; and (2) the Kanawha River is the sole
discharge point for site ground water and represents the primary receptor to be considered for
protection of human health and the environment. The goals of the ground-water flow modeling
were to: develop a representative, steady-state ground-water flow model; calculate ground-water
flow and constituent loading rates at individual segments representative of the primary areas of
concern; and predict resulting surface-water concentrations using mixing zone analyses that were

consistent with West Virginia and USEPA regulations.

The prioritization assessment utilized the predicted (modeled) surface-water concentrations for

identified constituents of potential concem to calculate values for incremental lifetime cancer
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risk, health hazard quotients/hazard indices, and ecological hazard quotients/hazard indices. The
findings of the assessment, based on the continuing use of the facility as an industrial site, are

summarized as follow:

e The highest calculated incremental lifetime cancer risk was 10°, three orders of

magnitude below levels of potential concern;

o The highest calculated health hazard quotient was 107, two orders of magnitude below

levels of potential concern; and

e The highest calculated ecological hazard quotient was 107, two orders of magnitude

below levels of potential concern.

At the time of submission of the SCMS, the prioritization assessment concluded that the
potential presence of site-related dissolved-phase constituents in the Kanawha River, due to
contributions from site ground water, was not expected to have any adverse effects on human
health or the aquatic species present in the Kanawha River. Similarly, the maximum detected
RFI concentrations of each constituent identified in site soils/sediments and on-site surface water
were screened against USEPA Region 1II risk-based concentration guidance and appropriate
ambient water quality criteria, respectively. No constituent was present in site soil/sediment or
surface water at concentrations exceeding industrial risk-based concentrations. The prioritization
assessment also concluded that the site was stable and that there were no residual concentrations
of dissolved-phase constituents with unacceptable risk to human health or the environment which
warranted implementation of additional stabilization/corrective measures. Accordingly, no
additional stabilization/corrective measures were required based on site-specific risk. However,
additional stabilization/corrective measures as well as waste minimization and source control
elements were pursued at Solutia’s initiative to ensure that the site is maintained in a fully stable

environmental condition in the future.
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Stabilization/corrective activities which have been implemented to date include:

e Operation of the Past Disposal Area kerosene product/ground-water recovery system
with product-recovery efforts beginning in June 1996 and ground-water pumping

beginning in February 1996 (continued through April 1998);

¢ Implementation and operation of an interim ground-water extraction and treatment
system in the TCE Hot-Spot Area and southern end of the Past Disposal Area for an
operating period of up to fourteen months, with individual wells beginning operation

as early as February 1997 and continuing through April 1998;

e Implementation and operation of an in-situ biosparging (oxygen injection) system in
the remaining ground-water Hot-Spot area downgradient of the City of Nitro dump

(operated from January 1997 to the present);

o Backfilling/restoration of Basin A3 and Digester (completed in 1997); and

e Backfilling/restoration of the Surge Basin (implemented and completed in 1998).

This Effectiveness Report provides construction documentation and performance evaluations for
each of these stabilization/corrective measures. Additional stabilization/corrective measures

which are currently underway on an ongoing basis include:

e complete restoration of the process sewer system component of the Facility Sewer

System (expected compietion 2004);

e ongoing facility waste minimization activities.

The Nitro plant has a formal, long-standing waste minimization program which targets individual
waste minimization projects on a priority basis. Successfully completed waste minimization
projects include an extensive upgrade of the Wastewater Treatment Plant; voluntary air

emissions reductions, including participation in the Solutia Air Emissions Reduction Program,
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which achieved a 90% emissions reduction of Superfund Amendment and Reauthorization Act
(SARA) Title IIT chemicals; odor abatement projects; and effluent toxicity reduction projects,
among numerous additional efforts. Together, these projects have reduced the toxicity and

volume of hazardous waste generated at the facility while minimizing releases to all media.

Solutia Inc. 1s projecting an overall investment of over $20 million to accomplish the above
stabilization/corrective measures. This commitment is made in order to satisfy Solutia Inc.’s

operational program as wel] as the RCRA Permit.

As further discussed herein, the following findings regarding implementation of
stabilization/corrective measures have been observed during the performance monitoring period

from 1996 to 1998:

» Kerosene product-recovery efforts in the Past Disposal Area have demonstrated that
product recovery coupled with water table depression did not enhance product recovery

rates;

» The ratio of apparent product thickness versus actual product thickness in the LNAPL
Plume was found to be as high as 15:1 with an average apparent to actual product

thickness ratio of 4:1;

¢ Based on the size and actual product thickness of the LNAPL plume, the estimated
theoretical recovery volume ranges between 2,030 and 3,380 gallons, with an actual
recoverable volume expected to be much less based on empirical data obtained from four
separate product recovery systems which have been implemented at the PDA since the

1980°s;

e Ground-water pumping in the PDA did not significantly increase or decrease dissolved-

phase benzene concentrations in the area of pumping via a review of data collected over
time from MW-7 whereby December 1998 concentrations (2.99 mg/#) were basically the

same as concentrations in September 1994;
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Operation of the TCE Hot-Spot Area ground-water extraction network was successful in
recovering 8,909,782 gallons of ground water from the alluvial aquifer containing 164

pounds of TCE;

Data collected from TCE Hot-Spot monitoring wells proximate to individual extraction
wells were variable, with no significant increasing or decreasing trends observed during

the pumping period;

After recovery of 8,909,782 gallons of ground water, none of the extraction wells or
monitoring wells yielded data indicative of any high concentration slug or evidence of

mstability in ground-water concentrations from the process area;

Biosparging in the WT-14A area has been successful in reducing concentrations of
constituents of concern to below permit limits as of December 4, 1998 although historical

fluctuations have shown select compounds above and below permit-specified limits; and

Basin A3/Digester and the Surge Basin have been successfully stabilized and closed in

accordance with the methods outlined in the SCMS.

Based on the findings described above and outlined in more detail herein, the following

recommended actions have been proposed for the corrective measures recently implemented

and/or completed.

Based on the limited extent and recoverability of existing product in the PDA as
demonstrated by the use of combined product recovery/water table depression systems,
continued ground-water pumping to enhance recovery has been proposed to be
discontinued. However, passive product skimming has been demonstrated to be an
effective means of managing the small amount of product which does collect in the wells.
As such, reinstatement of passive recovery is proposed in select wells with the largest

actual product thicknesses for an additional 12 month period,
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» In order to achieve an 18 month operational goal in each extraction well and collect
additional information in support of a petition to discontinue TCE Hot-Spot ground-water
pumping operations, it is proposed that the seven TCE Hot-Spot extraction wells continue
operating for an additional 12 month period. At the end of this period, the analysis
provided herein will be updated and a recommendation made as to whether extraction

operations should continue or be discontinued,

» Currently, no constituents of concern are in exceedance of permit-specified limits in the
Nitro dump area. As such, it is proposed that biosparging in this area be discontinued to
evaluate potential rebound effects which may be associated with the discontinuance of
biosparging in this area. If it is determined that continued biosparging in the WT-14A
area is not providing a net positive long term affect, then a decision to discontinue active

treatment permanently will be made; and

¢ No additional activities are proposed for the basin closure areas (Basin A3/Digester and
Surge Basin) beyond ongoing activities associated with stormwater flow and vegetative

cap maintenance.
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1.0 INTRODUCTION

1.1 Purpose

The purpose of this Effectiveness Report is to report on the implementation of the selected
stabilization/corrective measures for the Solutia Inc. (formerly Monsanto) facility in Nitro, West
Virginia and to recommend future steps with regard to the primary AOCs. This Effectiveness
Report was developed in accordance with the February 29, 1996 “Stabilization/Corrective
Measures Study Report; Monsanto Nitro Plant” (SCMS). The United States Environmental
Protection Agency’s (USEPA’s) approval of the SCMS was received on July 1, 1996.

The Effectiveness Report is developed to fulfill the performance evaluation element as required
by the approved SCMS, prepared in accordance with the facility’s RCRA Corrective Action and
Waste Minimization Permit (the Permit) issued on November 2, 1990 by the USEPA (USEPA
ID No. WVD 033990965). The Permit addresses 14 Solid Waste Management Units (SWMUSs)
at the facility which are subject to RCRA Corrective Action.

1.2 Objective

The SCMS states the objective of the Final Report is to provide a “summary of
stabilization/corrective measures completed, and a petition for permit modifications as
appropriate.” The SCMS also requires submittal of a “Ground-water and LNAPL Recovery
System Performance Evaluation Report.” The objective of this Effectiveness Report is to
address the administrative requirements for preparation and submittal of the Performance
Evaluation Report for ground-water corrective measures and the Final Report for the surface

impoundment closures (Basin A3/Digester, and Surge Basin).

1.3 Report Organization

This Effectiveness Report has been organized into 10 sections. A discussion of the site history
and identification of SWMUSs in the Process and Waste Treatment Study areas is presented in
Section 2.0. An overview of the site setting, summary of previous investigative activities, and

the nature and extent of impact is provided in Section 3.0. Section 4.0 presents a summary of the
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site-specific Prioritization Assessment/Modeling approach that was outlined in the SCMS, along

with a summary of the model’s results and findings.

A description of the selected stabilization measures and their remedial objectives is presented in
Section 5.0, while Section 6.0 provides a discussion of the corrective measures performance
evaluation program. Finally, Sections 7.0, 8.0, 9.0 and 10.0 provide discussions of the
implemented corrective measures at the Past Disposal Area, TCE Hot-Spot Area, Nitro Dump

Area, and basin stabilizations, respectively.
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2.0 SITE DESCRIPTION

The iformation discussed as part of this section includes: description of the site and surrounding

land use; site history and the identification and description of the SWMUs.

2.1 Site Location and Surrounding Land Use

The Solutia Inc. (Solutia) Nitro Plant (site) is located on the east bank of the Kanawha River,
approximately one-half mile north of the City of Nitro in Putnam County, West Virginia in a
heavily industrialized region. A site location map from the United States Geological Survey

(USGS) 7% minute topographic quadrangle (Saint Albans} is included as Figure 1.
g

The site comprises approximately 116 acres. The site is divided into two study areas: a southern
area (approximately 70 acres) designated the Process Study Area; and a northern area
(approximately 46 acres) designated the Waste Treatment Study Area. Approximately 60
percent of the site is currently covered by production areas, warehouse buildings, parking, or
open storage. The remaining 40 percent is generally unused gravel-covered or vegetated open

space.

As shown on Figure 1, Interstate Highway 64 divides the facility, separating the Waste
Treatment Area from the Process Area. The facility is bordered to the east and northeast by
commercial properties on State Route 25. These commercial properties consist of a mobile home
dealership, an electrical contracting warehouse, and a truck terminal/maintenance yard. The site
1s bounded to the south by industrial property. The Kanawha River borders-the property to the
west and northwest. The site is situated in a highly industrialized setting surrounded by other

chemical manufacturing facilities with long-term occupancy history.

2.2 Site History

In 1917, the United States government awarded a contract to the Thompson Starralt Company to
build a munitions plant and housing along the Kanawha River for 10,000 to 20,000 employees
and soldiers in support of World War I. The munitions plant included over 730 buildings. In

1918, the Hercules Powder Company began manufacturing explosives including “nitro-powder”
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at the munitions plant. A town grew around the munitions plant, and the town derived its name
from the principal product, “Nitro.” In 1921, the plant closed due to the reduced need for its
principal product at the end of World War I. The Charleston Industrial Corporation purchased
the entire munitions plant and sold parcels of the facility to, among others, the Seydel Company,
the Rubber Services Company, and the Nitro Pulp Company. A large number of industries grew

from the individual parcels.

In 1929, Monsanto acquired the Rubber Services Company, which manufactured chloride,
phosphate, and phenol compounds at the site. Operations have diversified over the years and

now include production of an animal nutrition chemical in addition to rubber chemicals.

As of May 1, 1995, operation and management of the site and substantially all of its assets
(except the improved real estate and certain limited manufacturing assets) were transferred to
FLEXSYS America, LP (FLEXSYS), a limited partnership. In September 1997, Monsanto spun
off its chemical manufacturing operations, including its interest in the Nitro facility, to Solutia
Inc. The Permit has undergone Class I modifications to reflect the change in permittee status

from Monsanto to both Solutiza and FLEXSYS.

2.3 Identification and Description of SWMUs

The environmental and hydrogeological setting of the site, combined with the history of
operations and the nature and proximity of the SWMUs, warranted the development of two
Study Areas: the Process Study Area and the Waste Treatment Study Area. The demarcation of
these Study Areas was approved in the RFI and 1s shown on the Site Plan (Figure 2).

The six SWMUs which are included in the Process Study Area are: the Past Disposal Area; the
Tepee Incinerator; the Niran Residue Pits; Aboveground Equalization/Storm-Water Surge Tanks;
Facility Sewer System; and the Building 46 Incinerator. The eight SWMUs which are included
1n the Waste Treatment Study Area are: City of Nitro Dump; Waste Pond; Decontaminated 2,4,5-
T Building; Wastewater Treatment Plant (WTP); Surge Basin; Emergency Basin; Equalization
Basin; and Limestone Bed. A brief description of each SWMU is provided in the SCMS and the
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following sections of this Effectiveness Report. The locations of the individual SWMUs in the
Process Study Area and the Waste Treatment Study Area are shown on Figure 2.

Additional details pertaining to each SWMU can be found in both the RFA Report and the fact
sheet prepared for the Permit. Solutia has performed extensive stabilization measures throughout
the past twelve years which have addressed each of these 14 SWMUs. The measures have
provided substantial stabilization of the site. In most cases, the measures were conducted on a
voluntary basis and closed under State Solid Waste Programs, or under Consent Agreements
with USEPA. At several SWMUSs, additional stabilization/corrective measures wete
recommended in the SCMS and subsequently implemented under the RCRA Corrective Action
process. These recently completed and ongoing corrective measures are the subject of this

Effectiveness Report.

Major investigative, physical and/or closure activities associated with these SWMUSs at the site

are as follow:

e regrading and installation of a gravel cover at the Past Disposal Area (PDA}) including
areas of the Tepee Incinerator, the Niran Residue Pits and the Aboveground

Equalization/Storm-Water Surge Tanks;
e decommissioning and removal of the Tepee Incinerator;
» verification investigation of the building 46 incinerator;

e interim stabilization/corrective measures for the removal of separate-phase kerosene

product (further described herein);

¢ implementation of an Interim Ho{-Spot ground-water extraction system in the TCE

Hot-Spot area (further described herein);
e regrading and capping of the City of Nitro Dump;

* implementation of in-situ ground-water treatment pilot program near the City of Nitro

Dump (further described herein);
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e closure of the Waste Pond;

» decontamination and demolition of the 2,4,5-T Building;

¢ closure of Basin A3 and Digester of the WTP (further described herein);
e closure of the Surge Basin (further described herein);

e closure of the Emergency Basin;

¢ closure of the Equalization Basin; and

e closure of the Limestone Bed.

The above stabilization measures have served to greatly minimize impact from former operations

at the site.

2.3.1 Process Study Area SWMUs
As previously described, the Process Study Area is the 70 acres which occupy the southem

portion of the site and contains six SWMU s as discussed below.

2.3.1.1 Past Disposal Area

The Past Disposal Area (PDA) SWMU occupied a portion of a triangular piece of land covering
approximately 5.7 acres in the northern part of the Process Study Area adjacent to the Kanawha
River. The unit historically was used for on-site disposal. The unit currently .contains the site of
the former Tepee Incinerator, the Niran Residue Pits, and the Aboveground Equalization/Storm-

Water Surge Tanks, which are also designated as additional SWMUss.

Currently, the area is an open gravel-covered area, with part of the area being used for storage of
machinery and assorted parts. Surface-water runoff is directed to a drainage swale on the eastemn
edge of the unit. A water-filled depression is located in the central part of the PDA. The
depression is associated with the concrete foundation of a former structure. Separate-phase
product (kerosene) has been observed in monitoring well MW-7 and other wells located within

the immediate area. This product is believed to be related to a former underground storage tank
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(UST) previously located proximate to well MW-7. Two small-scale, separate-phase product
recovery systems were installed in the late 1980s to remove the kerosene, but are no longer
operational and have been removed. A stabilization program to re-initiate the recovery of the
kerosene was presented in the RFI/SCMP Addendum (Roux Associates, Inc., 1995b) and the

SCMS. As described below, this measure has now been implemented.

The PDA SWMU was originally closed in 1985 as part of a Consent Agreement with USEPA
Region IIT (I11-85-17-DC). Stabilization measures to close this SWMU have included regrading
and capping of the area with gravel. As indicated in the RFI/SCMP Addendum and the SCMS,
Solutia has recently implemented a stabilization/corrective measure to recover kerosene at this
location. The corrective measure consists of a four-well network for kerosene recovery. Each
extraction point included a pneumatically-operated, positive displacement total fluids pump.
Extracted fluids were passed through an aboveground oil/water separator prior to treatment at the
facility’s WTP. The system comprises one of the three main corrective measures implemented
for site ground water. A description of the objectives, installation, operation and performance

evaluation for this system are presented later in this report (Section 7.0).

2.3.1.2 Tepee Incinerator
The Tepee Incinerator was located near the Kanawha River within the boundaries of the PDA.
The unit was operated between 1958 to 1962 to bum plant trash and rubbish. Waste matenals

containing hazardous constituents are not known to have been burned in the incinerator.

Following the cessation of operation in 1962, the Tepee Incinerator was decommissioned and
removed. The former area where the incinerator was located has been regraded and remains as
open unused space. The area is currently gravel-covered. The SCMS did not recommend any
further action with respect to this SWMU which has been determined to be adequately addressed

under the site-wide ground-water monitoring program.

2.3.1.3 Niran Residue Pits
The Niran Residue Pits SWMU was located within the boundaries of the PDA. No facility

records were maintained as to the nature and quantities of hazardous materials disposed in this
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area. Niran was formerly used as a broad spectrum insecticide consisting of 2.,4,5-

trichlorophenol and other related compounds.

The area surrounding the former Niran Residue Pits has been covered and regraded to manage
surface water flow as part of the PDA stabilization measures. This area is currently gravel-
covered. As with the Tepec Incinerator, the SCMS did not recommend any further action with
respect to this SWMU, which is also addressed under the site-wide ground-water monitoring

program.

2.3.1.4 Aboveground Equalization/Storm-Water Surge Tanks

This SWMU was constructed in 1990, and consists of four equally-sized, 82-foot diameter steel
tanks with a combined storage capacity of 4.8 million gallons. This SWMU is located within the
PDA. The tanks are used for storage of nonhazardous wastewater, and provide a means to
equalize flow prior to discharge to the facility’s WTP. This SWMU has never received

hazardous waste.

The regrading and gravel cover performed in 1985 as part of the former stabilization of the PDA
also regraded and covered the area of the current Aboveground Equalization/Storm-Water Surge
Tanks. The tanks were constructed subsequent to stabilization of the area and received only
nonhazardous wastewater. Each tank 1s situated atop concrete slab foundations and has a
synthetic liner beneath the bottom with leak detection capability. The SCMS did not recommend
any further action with respect to this SWMU.

2.3.1.5 Facility Sewer System

The facility sewer system has been in operation since the plant began production around 1918.
This SWMU drains process wastes, sanitary wastes, and storm-water runoff from the site. The
facility sewer system contains an extensive network of piping, constructed of various materials.
The total length of the sewer system is estimated to be approximately 6,000 linear feet. The
sewer system also consists of a number of lift and pump stations which transfer the contents of

the sewers to the WTP. Due to the age of some of the piping and the varied history of
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wastewater handled by the conveyance piping, the facility sewer system is considered a potential

contributor to site constituents.

Over the years of plant operations, various portions of the conveyance piping system have been
repaired or replaced as part of ongoing maintenance. Because of the importance of addressing
the facility sewer system, Solutia implemented an individual stabilization program for this
SWMU to expedite implementation of stabilizatton measures. The Sewer Stabilization Measures
Evaluation Program is currently being implemented by the facility. The details of these
stabilization measures are outlined in the “Sewer Stabilization Measures Evaluation Report,”
dated May 30, 1995 and the “Detailed Sewer Stabilization Measure Plan,” dated November 27,
1996. Although stabilization of this SWMU has been segregated for expediting purposes, it
remains a primary component of the site-wide stabilization program, and an updated schedule for
the sewer stabilization program was most recently submitted to USEPA in the August 1998
progress report.

2.3.1.6 Building 46 Incinerator
The Building 46 Incinerator SWMU was formerly used to incinerate hazardous wastes generated
at the facility and is currently used for burning Santoquin residue, a nonhazardous site waste.

The unit has not accepted hazardous wastes since February 1984.

A Verification Investigation was conducted for the unit, the results of which are described in the
document titled “Revised Final Verification Investigation Report, Building 46 Incinerator”
prepared by Roux Associates, Inc., dated August 24, 1993. As a result of the Verification
Investigation, this unit was incorporated into the RFI as a SWMU. As described in the SCMS,
stabilization measures are not justified for this SWMU based on the site-specific prioritization

assessment, and no further action was proposed.
2.3.2 Waste Treatment Study Area SWMUs

As previously described, the Waste Treatment Study Area is the approximately 46 acres which
occupy the northern portion of the site and contains eight SWMU s as described below.
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2.3.2.1 City of Nitro Dump

The City of Nitro Dump SWMU was previously an operating landfill comprising slightly less
than five acres, of which approximately 50% is located on Solutia’s property. The remainder of
the SWMU 1is on property owned by the State of West Virginia, and was partially covered during
the construction of Interstate Highway 64. This SWMU was in use between approximately 1929
to 1956. A number of industries and municipalities have used the unit to dispose of waste

materials. The precise nature and quantity of these disposal activities are not known.

Portions of the SWMU were clay capped and vegetated as part of a major soil stabilization
measure dictated by a Consent Agreement with USEPA (III-86-6-DC) in 1986. Capping
mncluded placing and compacting clay at appropriate locations and regrading of the entire area to
promote proper surface-water management and to minimize surface-water infiltration. USEPA
issued correspondence, dated May 5, 1986, indicating approval of the remedial action and
compliance with the requirements of the Consent Order. Due to the presence of chlorinated
phenols in ground water, the SCMS recommended implementation of in-situ biosparging in this
area. A description of the objectives, system operation, and performance evaluation for this

system are provided later in this report (Section 9.0).

2.3.2.2 Waste Pond

The Waste Pond SWMU began operation in 1973 and was at one time a part of the WTP. The
SWMU was a 0.5-acre surface impoundment with the capacity to temporarily store
approximately one million gallons of wastewater and sludge prior to treatment in the WTP. The

pond was excavated into the native soil and is not known to have been lined or covered.

The Waste Pond was closed in 1980. Closure included backfilling the depression, clay-capping
and vegetating to properly manage surface-water infiltration. The area currently exists as a
grass-covered field. The SCMS did not recommend any further action with respect to this area,

which has been addressed under site-wide ground-water monitoring.

ROUX ASSOCIATES INC 10 S006619J08.56



2.3.2.3 Decontaminated 2,4,5-T Building

The Decontaminated 2,4,5-T Building SWMU was associated with the former production and/or
storage of 2,4,5-trichlorophenoxyacetic acid (2,4,5-T), a herbicide in which the compound
2,3,7,8-tetrachlorodibenzo-p-dioxin (TCDD) is sometimes found as a trace impurity. The area

was separated from the Kanawha River by an earthen berm.

The building was decontaminated, demolished, and buried in 1970 near the site of the Control
Room of the WTP. The site is currently covered with a vegetative cover to manage surface-
water infiltration. The SCMS did not recommend any further action with respect to this area,

which is being addressed under the site-wide ground-water monitoring program.

2.3.2.4 Wastewater Treatment Plant

The Wastewater Treatment Plant (WTP) SWMU treats wastewater carried by the Facility Sewer
System including process wastewater, sanitary wastewater, and storm-water runoff. Wastewater
treatment is accomplished on site via pretreatment at particular locations in the Process Study
Area with final wastewater treatment being completed at the WTP. Lift Station Number 1, the
Equalization Tanks, and the diversion tank (located in the Process Study Area) are equipped with
pretreatment apparatus. The WTP, which provides the principal and final treatment of all site
wastewater, consists of an Activated Sludge Basin, a Secondary Clarifier, and a Tertiary
Clarifier. Sludge produced from the treatment process is thickened, then removed by tanker
trucks for on-site treatment by incineration in a facility boiler. The WTP operates in accordance
with a National Pollutant Discharge Elimination System (NPDES) Permit No. WV000868.
Treated water is discharged to the Kanawha River via permitted Outfall No. 061.

Basin A3 and the Digester were identified as parts of the WTP SWMU. Basin A3 was located to
the east of the Activated Sludge Basin, had a capacity of 12 million gallons, and occupied a
surface area of 160,000 square feet (800 ft. length x 200 ft. width). Historically, the unit was
used as a polishing basin and reportedly did not receive hazardous wastewater. Basin A3 was
used as the emergency basin until 1990 when construction of the Aboveground
Equalization/Storm-Water Surge Tanks was completed. Until 1996, Basin A3 remained an open

depression, was unused, and occasionally retained water from precipitation events. The SCMS
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recommended stabilization and backfilling of this basin. A description of the recently

implemented closure of the Basin A3 and Digester is provided later in this report (Section 10.0).

2.3.2.5 Surge Basin

The Surge Basin SWMU was also formerly associated with the operation of the WTP. The
Surge Basin SWMU was 360 feet long, 85 feet wide and had a capacity of 5 million gallons.
The Surge Basin was lined with clay and began operations in 1963. The Surge Basin was used
for storage of wastewater during times of peak flow which occurred during major storm events.
The wastewater was initially considered a hazardous waste because it exhibited corrosive
characteristics during several days of operation during the course of annual operations.
Pretreatment equipment to adjust wastewater pH was installed in 1986 which allowed for
reclassification of the wastewater as nonhazardous material. Upon closure of this SWMU under
RCRA Interim Status as discussed below, the Surge Basin continued to function as part of the
WTP as a non-RCRA, NPDES-permitted unit to provide additional storage capacity until 1990
when it was replaced by the Aboveground Equalization Tanks.

The Surge Basin was closed in 1986 under an approved RCRA Closure Plan. As part of closure,
sampling was conducted at the bottom of the basin and indicated that corrosive material was not
present in the Basin. Until 1998, the Surge Basin remained an unused, open depression which
retained water during precipitation events. The SCMS recommended completion of stabilization
and backfilling of this basin. A description of the recently competed closure of the surge basin is

provided in Section 10.0 of this report.

2.3.2.6 Emergency Basin

The Emergency Basin SWMU was formerly associated with the operation of the WTP. The
wastewater handled in the Emergency Basin was initially considered a hazardous waste because
it exhibited corrosive characteristics during several days of operation each year. Pretreatment
equipment to adjust wastewater pH was installed in 1986 which allowed for the reclassification
of the wastewater as nonhazardous material. The SWMU began operation in 1963 and was lined

with asphalt. The SWMU was approximately 385 feet long, 395 feet wide and had a capacity of
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approximately 10 million gallons. Upon closure, as discussed below, the Emergency Basin

continued to operate as part of the WIP as a non-RCRA, NPDES permitted unit until 1990.

The Emergency Basin was closed in October 1986 under an approved RCRA Closure Plan. In
1990, sludges within the Emergency Basin were stabilized/solidified using a flyash and cement-
based stabilizing agent to provide adequate structural base for backfill. The Emergency Basin
was then backfilled, capped and revegetated to manage surface-water runoff. The area is
currently a topographically raised area which provides positive surface-water drainage and
supports vegetation. The SCMS did not recommend any further action with respect to this

former basin.

2.3.2.7 Equalization Basin

The Equalization Basin SWMU was formerly associated with the operation of the WTP. The
SWMU was previously 540 feet long and 137 feet wide, with a capacity of 5 million gallons and
was lined with asphalt. The Equalization Basin received a slow feed of wastewater from the
Emergency Basin. The wastewater handled in the Equalization Basin was initially considered a
hazardous waste because it exhibited corrosive characteristics during several days of operation a
year. Pretreatment equipment to adjust wastewater pH was installed in 1986 which allowed for
the reclassification of the wastewater as nonhazardous material. Upon closure, as discussed
below, the Equalization Basin continued to operate as part of the WTP as a non-RCRA, NPDES-
permitted unit until 1989.

The Equalization Basin SWMU was closed in 1986 under an approved RCRA-Closure Plan. The
closure included sampling of bottom material which indicated corrosive material was not present.
Residual sludges in the Equalization Basin were subsequently stabilized in 1989 to 1990 to
provide adequate structural base for backfill. The stabilization included addition of a cement-
based stabilizing agent. The area was then soil-capped and revegetated to manage surface-water
runoff. The area is currently a topographically raised area which supports vegetation and
provides positive surface-water drainage. The SCMS did not recommend any further action with

respect to this former basin.
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2.3.2.8 Limestone Bed
The Limestone Bed SWMU began operation in 1977 and was formerly associated with the WTP.
The SWMU was asphalt-lined and received wastewater to facilitate pH adjustment of the

wastewater prior to final treatment. The area is now gravel-covered.

In December 1986, this unit was closed under an approved RCRA Closure Plan and taken out of
service. As part of closure, liquids and sludges were removed by pumping and were treated at
the WTP. Approximately 3,000 cubic yards of soil, sediment, and an asphalt liner were then
excavated and removed for disposal off-site. The area was backfilled with clean fill and gravel.
The area is currently a topographically raised gravel-covered area which provides positive
surface-water drainage. The SCMS did not recommend any further action with respect to this

unit.

2.4 Facility Waste Minimization Projects

The Nitro plant has a formal, long-standing waste minimization program which targets individual
waste minimization projects on a priority basis. Successfully completed waste minimization
projects include an extensive upgrade of the Wastewater Treatment Plant; voluntary air
emissions reductions, mncluding participation in the Solutia Air Emissions Reduction Program,
which achieved a 90% emissions reduction of Superfund Amendment and Reauthorization Act
(SARA) Title IIT chemicals; odor abatement projects; and effluent toxicity reduction projects,
among numerous additional efforts. Together, these projects have reduced the toxicity and

volume of hazardous waste generated at the facility while minimizing releases to all media.

Additional specific examples of waste minimization projects which have been successfully

implemented during the past three (3) years (since the date of the SCMS} include:

e upgrade of the truck offloading area to provide secondary containment and reduce the risk

of product loss from incidental spills and equipment;

s upgrade/provide secondary containment for all site aboveground storage tanks; and
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e waste load reduction in the accelerator complex and development of additional local

building waste treatments (i.e. centrifuge).

The Nitro plant continues to identify and evaluate future waste minimization opportunities.
Future projects are being evaluated through the facility’s formal Waste Minimization
Coordination Team. The team ranks waste minimization opportunities against several priority
drivers. First and foremost, any project required by current regulations must be completed by the
statutory deadline. Second, projects that will be required by future regulations are considered.
Factors to be considered include the volume and nature of the waste stream involved, its potential
impact to human health and the environment, and the cost savings provided by minimizing the
waste stream. In addition, the ability of the plant to fund the waste minimization project must be
evaluated and considered. As with prior projects, these waste minimization efforts will look first

towards source reduction opportunities, then recycling opportunities, and finally treatment.
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3.0 SITE SETTING, INVESTIGATIVE ACTIVITIES AND EXTENT OF IMPACT

The following sections provide an overview and discussion of the site’s physical setting,
potential ground-water and surface-water receptor evaluation, and a summary of previous RFI
and CMS activities leading up to corrective measures implementation, including a discussion of
the nature and extent of potential impact. The information provided and discussed in these
sections is intended to provide the necessary background information which will be utilized

during discussion in later sections pertaining to the results of performance evaluation activities.

The information described below was derived from published literature, maps and reports.

Additional site-specific information can be obtained in either the RFA or the RFI documents.

3.1 Topography

The site is situated on top of an alluvial terrace. The site’s topography is relatively flat with total
relief of less than 10 feet except along the riverbank. The riverbank is a steep slope which has a
drop in elevation of between 20 and 30 feet along the riverfront. The highest elevations on the
site occur at the following man-made features: the low flood control levee which parallels the
river in the Process Area; and the closed impoundments in the Waste Treatment Area. A

discussion of regional topography is provided in the RFI (Roux Associates, Inc., 1995).

3.2 Site-Drainage and Surface-Water Flow Pattern

The Process Study Area is largely covered by impermeable surfaces (buildings and paving), and
surface-water runoff is directed and managed through site-wide catch basins: Runoff from the
production areas within the Process Study Area is directed into the Facility Sewer System which
discharges to the Wastewater Treatment Plant. Runoff from asphalt parking areas within the
Process Study Area is directed into the storm-water sewer system which discharges to the
Kanawha River following primary treatment at a localized oil/water separator. The existence and
maintenance of the low levee along the Kanawha riverbank prevents overland flow from

reaching the Kanawha River.
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The Waste Treatment Study Area is covered mostly with vegetative cover consisting of grasses.
A small portion of the Waste Treatment Study Area is covered with asphalt paving. Surface-
water flow is generally overland flow, and most precipitation directly infiltrates into the soil
adjacent to previously stabilized SWMUSs. Generally, previous stabilization measures have aided
mn properly managing surface water and minimizing infiltration at individual SWMUs. Recent
stabilization measures have mncluded construction of some minor roadside ditches and culverts to
prevent localized ponding of surface water, as well as a surface-water channel constructed as part

of the Basin A3 closure.

Minor surficial depressions exist within the boundaries of the PDA. Standing water is
intermittently observed in the surficial depressions in this SWMU. This surface water was
sampled in conjunction with the RFI, and was not found to exceed permit-specified limits.
Additional information regarding sampling activities and results are presented in the RFI and

SCMS.

3.3 River Hydrologic Characteristics

The Kanawha River is the largest stream in West Virginia and one of the larger tributaries to the
Ohio River. The Kanawha River is formed by the confluence of the New River and Gauley
River at the town of Gauley Bridge in the southwestern part of West Virginia. It flows in a
northwesterly direction and empties into the Ohio River at Point Pleasant, West Virginia (Price,

1960).

Major tributaries of the Kanawha River in the area include the Elk River, which enters at
Charleston, and the Pocatalico River, which enters approximately 3 miles downstream from the
site. Armour Creek, a smaller tributary of the Kanawha River, originates at higher elevations and
enters the Kanawha Valley upstream of the site. Upon entering the valley, Armour Creek turns
sharply to the north paralleling the Kanawha River, and flows several miles before joining the
river one mile north (downstream) of the site. The site is located on the alluvial terrace between
the Kanawha River and Armour Creek. Armour Creek is located approximately 2,000 feet east
of the site.
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The Kanawha River is 97 miles long and is controlled by a series of locks and dams which
provide a 9-foot minimum navigation depth. The locks and dams were installed to allow
transportation to service regional industry. The Kanawha River has an average slope of 0.37 foot
per mile in the area adjacent to the site and maintains an average water level of 566 mean sea

level (MSL) (Doll, 1960).

The average flow of the Kanawha River at Charleston, West Virginia is reported to be 9,785
million gallons per day for the period between 1939 and 1994. The 7-day, 10-year low flow
(Q.4o) 18 reported to be 743 million gallons per day for the period between 1924 and 1960. Based
on average flowrates and river cross-section area, typical flow velocities are approximately 5,000

feet per day (COE, 1995).

Figures 3 through 6 include cross-sections of the river channel as determined from a Corps of
Engineers survey of the river. The river cross-sections are consistent with site-specific river data
collected in 1992 to support the NPDES permit, as well as river cross-sections indicated in
regional studies. The river cross-sections indicate the channel has generally steep side slopes and

relatively flat bottoms. The river bottom exists close to bedrock.

3.4 Geologic Setting

The alluvial terraces along the Kanawha River are underlain by unconsolidated alluvial deposits
consisting predominantly of sand, silt and clay with minor gravel. The upper part of the alluvial
deposits typically contains fine-grained silt and clay and has been identified as Zone A during the
RFI. Coarse sand and gravel are often found in the lower alluvial deposits near the bedrock
interface and comprise Zone B. The alluvial deposits are reported to be laterally variable over
short distances due to the lenticular nature of individual beds. Published geologic reports
indicate the cumulative thickness of the alluvial deposits ranges from 30 to 60 feet in the vicinity

of Nitro (Wilmoth, 1966).

Bedrock in the immediate vicinity of the site consists of sedimentary rocks of the Conemaugh
Group of Pennsylvanian age. This geologic unit contains an interbedded sequence of sandstone,

shale and mudstone with thin beds of limestone and coal. The beds are near horizontal or gently
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inclined, and bedding dips generally less than 5 degrees. Bedrock encountered directly beneath
the site is described in drilling logs as gray siltstone. Weathered bedrock encountered in

boreholes is described as weathered shale or clay (Roux Associates, Inc., 1995b).

Locally, upward migration of ground water along zones of higher permeability exists. These
conditions are reportedly due to the general upward vertical difference in hydra!ilic head in the
valley bottoms, which causes a regional upward component of ground-water flow in the valleys
(Doll, 1960). A site plan showing geologic transects through the site is presented as Figure 2.
Figures 3, 4, 5 and 6 each show a cross-section taken approximately perpendicular to the river.

The cross-sections depict the geology, ground-water flow patterns, and river boitom topography.

3.5 Site Hydrogeology

The alluvial deposits at the site contain the uppermost water-bearing body at the site. This
alluvial aquifer exists under water-table (unconfined) conditions. Depth to ground water varies
from approximately 15 to 30 feet below ground surface (BGS). Ground water from the site
discharges to the Kanawha River. Additionally, regtonal studies indicate regional ground water
from areas to the west of the Kanawha River discharge to the river. This provides the basis for

establishing the centerline of the Kanawha River as a ground-water divide.

A second ground-water divide which separates ground water flowing to the Kanawha River and
to Armour Creek occurs to the east of the site. Plate 2 of the SCMS shows the site plan, ground-
water elevations, and the ground-water divides based on ground-water elevation data collected
during the RFI. Table 1 summarizes site well information, including 1994 waier elevations. The
flow patterns depicted are consistent with a previous site study performed in 1985 (Geraghty &
Miller, 1985). Additionally, seasonally collected data indicate that ground-water levels in the
process area are relatively consistent over time with an overall decrease in water levels of 0.5 to
1.5 feet from September 1996 through December 1998. In the Northern area of the site, water
levels have demonstrated seasonal cycles with a seasonal variability of up to 5 feet in well WT-
14A. Water levels in this areas have also been decreased by 0.5 to 2.0 feet from September 1996
through December 1998.
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Site wells installed in the alluvial deposits are designated as “A” or “B” wells which monitor the
upper and lower zones, respectively, of the alluvial aquifer. Aquifer testing performed during the
RFI included performing 21 slug tests. Analysis of the slug tests indicated hydraulic
conductivities for the “A” zone vary from 0.01 feet/day to 24 feet/day across the site with a
geometric mean of 1.15 feet/day in the TCE Hot-Spot Area. Hydraulic conductivities for the “B”
zone vary from 2.8 feet/day to 13 feet/day across the site with a geometric mean of 6.7 ft/day
(Roux Associates, Inc., 1995b). These values are consistent with laboratory permeability testing
results performed on the alluvial deposits in the regional study (Wilmoth, 1966). The RFI, the
previous site study, and the regional study generally show consensus that the deeper (“B” zone)
hydraulic conductivity is an order of magnitude (ten times) greater than the upper (“A” zone)

hydraulic conductivity.

The bedrock conveys regional ground water. Regional studies indicate the bedrock has an
upward hydraulic gradient in the vicinity of the Kanawha River and that the bedrock discharges
ground water to the Kanawha River and potentially to the “B” zone of the alluvial deposits. This
upward gradient likely creates increased hydraulic heads in the “B” zone observed at some

locations of the site.

Analysis of the cross-sections indicates the vertical hydraulic gradient within the alluvial aquifer
in the central and eastern parts of the site varies generally from being slightly upward to slightly
downward. One exception is Section D-D’ (Figure 6) which depicts a substantial downward
gradient from the “A” zone to the “B” zone in the northern waste treatment area. A likely cause
of the downward gradient in this area is the existence of inactive basins (at the time of data
collection during the RFI) which held water from precipitation until their recent closure in 1996
through 1998. In the western part of the site, adjacent to the Kanawha River, the vertical
hydraulic gradient is slightly upward in both the “A” and “B” zones. Horizontal flow provides
the most significant contribution from the alluvial aquifer to the Kanawha River. Ground-water
flux from the site to the Kanawha River is calculated as 0.09 million gallons per day, and the

ground-water velocity is estimated to be between 0.1 feet per day and 1.2 feet per day.
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3.6 Potential Ground-Water and Surface-Water Receptors

A comprehensive review of the proximity and types of potential surface-water and ground-water
users was performed to support the site-specific prioritization assessment. This review included
defining the river use designated in accordance with Title 46 of the West Virginia code, which
establishes rules govemning the discharge of wastes into waters and establishes water quality
standards for surface waters of the State of West Virginia; and file searches of local agencies

which govern potable use. The results of these reviews are presented below.

3.6.1 Surface-Water Use Designation

According to the Title 46-7-1.1 of the West Virginia Code, the Solutia Nitro Plant is located
within the Kanawha River Zone 1. This zone is defined as “the main stem of the Kanawha River
from mile point 0, at its confluence with the Ohio River, to mile point 72 near Diamond, West

Virginia”. The site is located along the Kanawha River at approximately river mile 43.

Title 46-1-6 establishes criteria for general water use categories and water quality standards for
the waters of the State of West Virginia. According to Title 46-1-7.2(d)(5)(a), it is further
prescribed that, for Zone 1, “Water Use Category A shall not apply.” Water Use Category A,
according to Title 46-1-6.2, is used to describe waters, which after conventional treatment, are
used for human consumption. Accordingly, the Kanawha River in the vicinity of the site is

classified as the following:

e (Category B-1: warm water fishery;
e Category C: water contact recreation; and

e Category E: water supply industrial, water transport, cooling, and power.

Therefore, potential receptors of impacted ground-water from the site include humans or animals
which may have incidental ingestion of, or dermal contact with, the surface water of the

Kanawha River.
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3.6.2 Potable Water Uses

A search to identify potential receptors of ground water and surface water was performed during
preparation of the SCMS, and was updated as part of this Effectiveness Report in order to ensure
that there have been no significant changes in current or proposed water use. The search
included contacting and obtaining relevant information regarding potential surface-water and

ground-water receptors from the following local agencies:

o Kanawha-Charleston Health Department;

« Putnam County Health Department;

s  West Virginia American Water Company;

e West Virginia Division of Environmental Protection, Office of Water Resources;

¢ West Virginia Geological and Economical Survey;

e West Virginia Department of Health and Human Resources, Bureau of Public Health,
Environmental Engineering Department; and,

o  West Virginia Department of Natural Resources.

From information gathered and obtained, there were no potable water supply intakes identified
on the Kanawha River downstream of the site. This is consistent with the classification of Zone
1 of the Kanawha River according to Title 46 of the West Virginia Regulations. In addition,
there are no known potable supply wells in the vicinity of the site which draw water from the

alluvial aquifer.

3.7 Summary of Investigatory Activities

This section summarizes the previously completed RFI activities and describes the nature and
extent of potential impact to the different media identified at the site. These media include
ground water, soil, sediment, and surface water. The RFI Report detailed the nature and extent
of impact at the site and indicated elevated levels with respect to Permit-specified limits would
be addressed by a site-specific prioritization assessment. The purpose of this section is to
summarize the data identified in the RFI Report which were pertinent to the development of the
site-specific assessment. Additional details pertaining to investigatory activities and results can

be found in the RFI Report.
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3.7.1 Summary of RFI Activities

The RFI field investigations were conducted in August and September of 1994. The primary
objective of the RFI was to determine the extent and characteristics of constituent impact at the
site. RFI activities focused on ground water as the primary media of concern because major
stabilization measures were previously completed, as discussed herein, for the other
environmental media. RFI activities included: collection of soil samples at the Building 46
Incinerator; collection of riverbank soil samples along the Kanawha River; collection of sediment
samples from the PDA; collection of surface-water (standing) samples from standing water in the
PDA,; installation of site monitoring wells and piezometers; gauging and sampling of monitoring

wells; and performance of pump tests and slug tests.

3.8 Nature and Extent of Impact

Previous stabilization measures have largely addressed site soil, sediments, and surface water.
During the course of the RFI, impact to soil and sediment was found to be limited and presented
no appreciable health risk, as previously discussed in the SCMS and summarized herein.
Further, no site surface-water analytical results were elevated with respect to Permit-specified
limits. Therefore, investigative activities focused on site ground water. Investigative activities
revealed that localized ground-water Hot-Spots existed at the site with elevated concentrations of
limited volatile organic compounds (VOCs), namely TCE and benzene and base neutral/acid
extractables (BN/AEs), namely phenols. The Hot-Spots are located within the three primary
areas of concern identified in the RFI, namely, the Past Disposal Area, the TCE Hot-Spot, and
the City of Nitro Dump.

3.8.1 Soil

As previously discussed, soil investigations were limited to several SWMUs during the RFI.
This is primarily due to the fact that numerous investigations and soil stabilization activities have
already been implemented at this facility. The RFI targeted the remaining SWMUs where soil
was identified as the matrix to be investigated and included the Building 46 Incinerator (which
was investigated as a follow-up to the Verification Investigation performed on July 23, 1993),
and riverbank soil samples proximate to the Tepee Incinerator, Niran Residue Pits, and Past

Disposal Area SWMUs. A discussion of the results of the RFI soil investigations are
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summarized below. Additional analytical information has been previously provided in the RFI

and SCMS.

Building 46 Incinerator

Samples were analyzed for 89 Permit-specified constituents. Elevated levels with respect to
Permit-specified limits were detected in nine of nine sample locations for only seven out of 89
constituents analyzed. The constituents detected at elevated levels with respect to Permit-
specified limits were arsenic and beryllium (suspected background concentrations);
benzo(b)fluoranthene, benzo(a)pyrene, benzo(a)anthracene, and chrysene (BN/AEs related to
byproducts of combustion) (Clement, 1989); and tetrachloroethene (2 VOC likely present from

site industrial activities).

Riverbank Soil Sampling

As with the Building 46 incinerator, these samples were analyzed for 89 Permit-specified
constituents. Elevated levels with respect to Permit-specified limits were detected in three of
three sample locations for seven of 89 constituents analyzed. The seven constituents are
benzo(a)anthracene, chrysene, benzo(b)fluoranthene, benzo(a)pyrene, indeno(1,2,3-cd)pyrene,
(BN/AEs related to byproducts of combustion) arsenic and beryllium (suspected background

constituents).

3.8.2 Sediment

Three samples were analyzed from the PDA for 89 Permit-specified constituents. Elevated
levels with respect to Permit-specified limits were detected for three of 89 analyzed constituents
in all three of the samples. The three constituents were bis(2-ethylhexyl)phthalate (BN/AE
related to byproducts of combustion) (Clement, 1989), and arsenic and beryllium (suspected

background constituents).

3.8.3 Site Surface Water
As previously discussed, elevated levels with respect to Permit-specified limits were not detected
in site surface-water samples collected in the PDA, as outlined in the RFI and SCMS.

Accordingly, site surface water did not receive further consideration.
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3.8.4 Ground Water

Ground-water samples were analyzed for as many as 89 Permit-specified constituents. The
SCMS previously summarized the ground-water analytical results for the Process Study Area and
Waste Treatment Study Area for VOCs, BN/AEs, and metals, respectively. As a result, these
results have not been reiterated herein. The SCMS also summarizes the number of wells in
which elevated levels with respect to Permit-specified limits were detected for both the “A” and
“B” zones of the Process and Waste Treatment Areas for the Permit-specified constituents. A

summary presentation of the ground-water data by Study Area is presented below.

Process Study Area

Out of 89 Permit-specified constituents, 14 VOCs, one BN/AE, and five metals were detected at
elevated levels with respect to Permit-specified limits in the Process Area. VOCs are the
dominant group of constituents with elevated levels. For illustration, only 4 of the 31 wells
exhibited concentrations above 1 milligram per liter (mg/{) for constituents with elevated levels
with respect to Permit-specified limits. The four wells exhibited only TCE above 1 mg/? and are

generally localized.

Waste Treatment Study Area

Out of 89 Permit-specified constituents, only nine VOCs, one BN/AE, and three metals were
detected with elevated levels with respect to Permit-specified limits in the Waste Treatment
Area. VOCs and BN/AEs are the dominant groups of constituents with elevated levels. For
illustration, only two of the 31 wells exhibited concentrations above 1 mg//. One of the two

wells exhibited chlorobenzene and one of the two wells exhibited phenols and benzene above 1

mg/¢. The wells exceeding 1 mg/ are generally localized.

The RFI identified three primary areas of concern for ground water which contained the wells
exhibiting greater than 1 mg/f concentrations indicated above: the TCE Hot-Spot; the Past
Disposal Area; and the former City of Nitro Dump. The primary areas of concern are addressed
in the site-specific prioritization assessment and ground-water/surface-water interaction model

discussed in Section 4.0, and in the identification and evaluation of stabilization/corrective
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measures discussed in the SCMS. A site map showing the primary Areas of Concern has been

included as Figure 7.
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4.0 SITE-SPECIFIC PRIORITIZATION ASSESSMENT/MODEL

The RFI determined that site ground water contained constituents at clevated levels with respect
to Permit-specified limits, as discussed in Section 3.0. Additionally, three primary areas of
concern were defined where individual site constituents were detected in downgradient
monitoring wells at concentrations exceeding 1 mg/f. Elevated levels with respect to Permit-
specified limits exist to a lesser extent for on-site soil and sediments. As described in the
approved SCMS, a site-specific, risk-based prioritization assessment was performed to assess all
media in which constituent concentrations were elevated with respect to Permit-specified limits,

and to identify areas which required stabilization/corrective measures.

This section provides an brief overview of the technical approach that was used to perform the
assessment as a basis for defining stabilization/corrective measures needed at the site. The
assessment utilized risk-based procedures and analyses including a screening approach to
identify potential receptors, exposure pathways and site-specific constituents of potential
concemn, as further described below. As a formal risk assessment was not a requirement of the
Permit, this prioritization assessment was performed at Solutia’s initiative in order to better
define the scope, and relative priority of stabilization/corrective measures needs at the site.
Specifically, the prioritization assessment results were used to ensure that the individual
stabilization/corrective measures proposed, and the associated remedial action objectives
presented, were consistent and were based on appropriate site-specific conditions for protection
of human health and the environment. Once the proposed stabilization/corrective measures in
the SCMS are implemented and evaluated (as depicted on Figure 8), the prioritization assessment
will be modified to incorporate the updated site-specific analytical data and ultimately submitted

in a final form in the Stabilization/Corrective Measures Final Report.

As the Kanawha River is the sole receptor of site ground water, development of a ground-
water/surface-water interaction model was deemed an essential component of the assessment
process. This model assists in the determination of potential surface-water concentrations which

could result from ground-water transport of dissolved-phase constituents. The site-specific

ROUX ASSOCIATES INC 27 S006619708.56



assessment was carried out for each site constituent of concern using conservatively predicted

surface-water concentrations.

4.1 Overview of the Technical Approach

The goal of the site-specific prioritization assessment was to identify areas for targeting
stabilization/corrective mecasures based on the concentrations of individual constituents identified
in the RFI process. In addition, the site-specific assessment was used to establish the relative
priority of implementing stabilization/corrective measures.  Specifically, the assessment

approach consisted of eight major steps as follow:

s identification of constituents of potential concem via a screening process;
¢ development of a conceptual site model to determine exposure pathways;
» development of a ground-water/surface water interaction model;

» assessment of the hazards posed by site-related chemicals;

« assessment of the toxicity of identified constituents of potential concern;
e assessment of potential current and future exposures;

e characterization of site risk; and

s performance of uncertainty analysis.

A conservative technical approach was used in developing each of the above-described steps in
order to present a conservative prioritization assessment for identified constituents of potential
concemn. Details of the approach including an explanation of each assessment activity listed

above along with key assumptions used in each step are further outlined in the SCMS.
4.2 Site-Specific Prioritization Assessment/Model Results

The site-specific prioritization assessment/model results for ground water/surface water and

soil/sediments are presented in the following sections.
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4.2.1 Surface Water/Ground Water
No site surface-water (standing water) samples were found to be elevated with respect to Permit-
specified limits or appropriate surface-water quality criteria. This indicated that site surface

water presented no appreciable risk and required no stabilization/corrective measures.

For ground water, the screening procedure identified 12 constituents of potential concemn for the
Process Study Area and 16 constituents of potential concern for the Waste Treatment Study
Area. As discussed in the SCMS, these results were used as inputs in a ground-water/surface-
water flow model in order to estimate the Kanawha River concentrations resulting from ground-
water discharge from the site. Ground-water flow and dilution factor calculations for each of
four model segments were provided in the SCMS as well as predicted surface-water
concentrations. As indicated in the tables included in the SCMS, the following findings were

established:

e ground-water flow rates for each model segment range from approximately 3,200 (Nitro
Dump Area) to 45,900 gpd (TCE Hot-Spot Area). The “B” zone of the alluvial aquifer
contributes approximately 85% of the total flow. The total ground-water flow from the

site is approximately 73,000 gallons per day;

¢ dilution factors for each model segment range from approximately 4,000 to 57,000.
Comparing the ground-water flow to the Kanawha River mixing flowrate (186,000,000
gallons per day, for 25% of the Q,,, provides a site-wide dilution factor of

approximately 2,500,

= total calculated constituent loading (VOCs, BN/AEs and metals combined) into the

Kanawha River 1s approximately 0.6 pounds per day; and

e predicted increases in surface-water concentrations range from the order of 10* to 10®

mg/¢ for VOCs/BN/AEs and 107 to 10° mg/¢ for metals.

A sensitivity analysis was also performed to evaluate the stability of model results against

variation of key input parameter values. The input parameter with the most variability is the
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hydraulic conductivity, which can vary by an order of magnitude. The sensitivity analysis
indicates that even by altering hydraulic conductivities by an order of magnitude, predicted
surface-water concentrations remain an order of magnitude below threshold levels that would

indicate appreciable risk.

Predicted surface-water concentrations resulting from the identified constituents of potential
concern flowing into the Kanawha River are presented in Tables 2 and 3 for the Process Study
Area and the Waste Treatment Study Area, respectively. The prioritization assessment utilized
the predicted surface-water concentrations to calculate values for incremental lifetime cancer
risk, hazard quotients/hazard indices, and ecological hazard quotients/hazard indices, and results

are summarized in Tables 4 to 6.

As indicated in the summary tables, the following findings were established for the site-specific

prioritization assessment :

e The calculated incremental lifetime cancer risk (ILCR) values vary from 2.6 x 107" to
9.7 x 10°. All values are considerably below (at least three orders of magnitude) the 1 x
10 to 1 x 10° ertterion conservatively considered acceptable by the American Cancer

Society, the Food and Drug Administration, and the USEPA.

e The calculated hazard quotient values vary from 3.8 x 10" to 1.3 x 10?%. All values are
considerably below (at least two orders of magnitude) unity (one), the value considered to
pose increasing concern. The calculated hazard indices vary from 2.5.x 10 to 1.4 x 10
considerably below (at least two orders of magnitude) unity (one), the value considered to

pose increasing concern.

e The calculated ecological hazard quotient values vary from 5.9 x 10 to 3.8 x 102 All
values are considerably below (at least two orders of magnitude) unity (one), the value
considered to pose increasing concern. The calculated hazard indices vary from 1.3 x 107
10 6.5 x 107, considerably below (at least two orders of magnitude) unity (one), the value

considered to pose increasing concerm.
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4.2.2 Soil/Sediments

The organic and inorganic constituents detected in Building 46 Incinerator soils samples were
screened according to the procedures described in the SCMS. No VOCs were retained from the
screening. Only arsenic and benzo (a) pyrene were initially retained from the screening. These
two constituents were further considered and the results were presented in the SCMS. Based on
these results, no additional stabilization/corrective measures were proposed for on-site soils and

sediments beyond what had been previously performed under other closure actions.

4.2.3 Summary

The findings of this assessment indicated that the presence of site-related constituents in the
Kanawha River is not expected to have adverse effects on human heaith or the aquatic species
present in the Kanawha River. In fact, even in the three identified residual ground-water Hot-
Spot areas, the calculated site-specific ILCR levels were several orders of magnitude below
criteria conservatively considered to be acceptable. Similarly, the maximum observed site
soil/sediment concentrations are at or below the most recent USEPA RBC for industrial facilities
for all site-specific constituents analyzed during the comprehensive RFL. Figure 7 includes a

summary of the prioritization assessment results for each area of concern.

As there are no potential threats to human health or the environment as an industrial facility,
implementation of stabilization/corrective measures were not warranted on the basis of the
prioritization assessment. However, stabilization/corrective measures were also evaluated on the

basis of constituent mass removal and pathway elimination as later described herein.
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5.0 DESCRIPTION OF SELECTED STABILIZATION/CORRECTIVE MEASURES

The rationale for selection of stabilization/corrective measures for soils and ground water and a
description of the selected measures was presented in the SCMS. A summary of the selected
Stabilization Measures is presented as Figure 8. The initial development of stabilization/
corrective measures was focused on technical effectiveness, feasibility and implementability.
Each selected stabilization/corrective measure was then evaluated against additional USEPA
modification criteria as described in the SCMS. The following sections present the overall
approach to corrective measures implementation and a summary of the corrective measure

objectives,

5.1 Overall Approach to Corrective Measures

Based on data developed during the RFI and screening of SWMUSs and technologies presented in
the SCMS, an overall corrective measures approach was developed. This approach focused
primarily on reduction of contaminant mass in identified Hot-Spot areas to the extent practicable,
combined with intrinsic remediation and long term monitoring. In order to ensure the overall
stability of site conditions, additional stabilization measures focused on limiting the potential for
surface infiltration through waste disposal areas, and elimination of the potential for ongoing

releases from the facility sewer system.

5.2 Objectives for Ground Water

Based upon the results of the site-specific prioritization assessment, the overall goal of the
stabilization/corrective measures for ground water was to reduce constituent mass and ensure that
the site is maintained in a stable environmental condition. As described in the SCMS, current
technologies are viable to reduce mobility, toxicity and volume, but may be impractical in
attaining permit-specified levels. While it is desirable to improve water quality to the extent
practicable, it is widely accepted by both industry and the USEPA that current technology is limited
in achieving these standards. There are many site-specific conditions which support the technical
limitations of achieving stringent ground-water quality standards as previously discussed in the
SCMS. Because of these technical limitations, stabilization/corrective measures objectives were

focused on achieving technically feasible cleanup levels as evidenced by attainment of asymptotic
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residual concentrations when plotted against time. Additionally, altermate permit limits were

deemed to be an appropriate possibility for the site and were retained for future consideration, as

further discussed below.

The Proposed Subpart S to 40 CFR 264 specifies that the corrective action objectives for impacted
ground water include attainment of stringent media cleanup standards, which generally are Federal
or State maximum contaminant levels (MCLs), contaminant levels within the range of 10™ to 10®
lifetime cancer risk, or hazard index of less than one for non-carcinogens, as appropriate. The
proposed rule also specifies three conditions under which attainment of stringent media cleanup
standards may not be required: 1) remediation of the release would provide no significant reduction
in the nisks to actual or potential receptors; 2) the release does not occur in, or threaten, ground
water that is a current or potential source of drinking water; and 3) remediation of the release to

media cleanup standards is technically impracticable.

Additionally, the preamble to the Proposed Subpart S Rule states that “alternative levels protective
of the environment and safe for other uses could be established for ground water that is not an
actual or reasonably expected source of drinking water.” As the shallow site ground water is not a
reasonable expected source of drinking water, alternate permit limits may be pursued in order to

quantitatively establish the appropriate levels for permit modification purposes.

In accordance with USEPA guidance documents, alternate limits can only be used as cleanup levels

when the following three conditions are met:

¢ The ground water has known or projected points of entry into surface water, which 1s a

reasonable distance from the facility boundary;

e There will be no statistically significant increase at the 95% upper confidence level of
constituent concentrations occurring in the surface water in the discharge zone or at any

point where constituents are expected to accumulate; and
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¢ Institutional controls will be implemented that will preclude human exposure to ground-
water constituents between the facility boundary and the point of entry into the surface

water (USEPA, 1988).

This approach is reasonable and appropriate because each of these conditions is satisfied at the site.
Based on performance evaluations of similar installed ground-water remediation projects and
preliminary data generated from currently operating systems, a Technical Impracticability Waiver

may also be appropriate for this site.

5.3 Objectives for Separate-Phase Kerosene Product Area

The technical feasibility of recovering separate-phase product is primarily constrained by the
specific gravity and viscosity of the product, and the soil matrix. For the Past Disposal Area of
concern, the observed kerosene characteristics supported recovery via extraction; however, the fine-
grained, low permeability soils were thought to inhibit total recovery. Because of the technical
limitations associated with complete removal of product from these soil types, recovery objectives

were focused on achieving asymptotic levels of product recovery versus time.

5.4 Objectives for Basin A3 and Surge Basin

These former basins were not reported to contain any hazardous wastes and as a result should not
have elevated concentrations of site constituents relative to Permit-specified levels. For these
basins, the remedial objective was to remove the potential migration pathway of surface-water

infiltration for protection of site ground water.

5.5 Summary of Selected Stabilization/Corrective Measures

As described in the SCMS, the following stabilization/corrective measures were selected:

e Implement ground-water extraction and treatment at the PDA, combined with operation

of a separate-phase kerosene product recovery in the vicinity of monitoring well MW-7;

e Implementation of a ground-water extraction and treatment system at the TCE Hot-Spot;

¢ Implementation of an in-situ biosparging system at the Nitro Dump Area;
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e Backfilling/restoration of the remaining depression within the Surge Basin;
e Backfilling/restoration of Basin A3 and the Digester;

e Completion of the Facility Sewer System stabilization program;

e Ongoing facility waste minimization efforts; and

¢ Long-term monitoring of intrinsic remediation at non Hot-Spot areas.

The selected remedial approach for the three primary areas of concern included: the
implementation of deed notices to restrict site and/or ground-water use; the routine monitoring of
ground-water quality; and treatment of ground water from Hot-Spot areas for constituent mass
reduction purposes. Implementation of deed notices involves administrative and legal
proceedings to modify the deed. Intrinsic remediation combined with long-term monitoring was

the selected remedial approach for non Hot-Spot ground-water areas.

The corrective measures indicated were designed to stabilize potentially remaining residual
source areas at the site and provide a high level of protection of human health and the
environment. As 1s evident in Figure 8, the combination of former (pre-SCMS) and current
stabilization/corrective measures provides for a comprehensive site-wide remedial approach for

all media and SWMUs identified in the facility Corrective Action Permit.

The selected stabilization/corrective measures listed above are described in detail in Sections 7.0
through 10.0. Each section addresses one of the corrective measures listed, and describes the
objective, remedial system description, system installation, system operation, monitoring and

performance evaluation, as appropriate.
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6.0 SUMMARY OF PERFORMANCE EVALUATION PROGRAM

As described in the SCMS, the selected LNAPL and ground-water stabilization/corrective
measures were to be operated to maximize the effectiveness of constituent mass reduction in the
three primary areas of concern. In conjunction with system operation, a performance monitoring
program was implemented. The purpose of this program was to monitor and optimize the
effectiveness of the systems on an ongoing basis, as well as to provide selected operational and
ground-water quality data as necessary to conduct a comprehensive performance evaluation. The
effectiveness monitoring program involved data collection, performance monitoring, and

performance evaluation as described in the following sections.

6.1 Data Collection
Data gathering was performed concurrently with system operations, as well as during pre-

operation and post-operation periods. The objectives of data gathering activities were to:

¢ monitor the effects of the remediation systems within the primary areas of concem;

e monitor water-level elevations and evaluate influence zones at defined extraction rates;

» evaluate if additional procedures were necessary to augment system performance; and

* determine if technically feasible mass reductions or separate-phase recovery rates could

be achieved.

All data collected during data acquisition is incorporated into the comprehensive performance

monitoring program as presented below and in later sections of this report.

6.2 Performance Monitoring Program

A performance monitoring program was implemented to track the progress of each full-scale
ground-water stabilization/corrective measure and provide a contingency plan trigger for re-
evaluation of the system performance against it’s remedial action objectives. The performance

monitoring program included:
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e routine gauging of site-wide ground-water monitoring wells and piezometers to

determine hydraulic influence of individual extraction wells,

e periodic sampling of ground water from the extraction wells to determine constituent

mass removed;

¢ routine ground-water monitoring program designed to track water quality changes at a

given frequency;

e supplemental data acquisition for the proposed biosparging program; and

» a comprehensive data evaluation program designed to evaluate actual performance

against expected system performance.

The overall ground-water monitoring program used for performance evaluations of the individual

ground-water stabilization/corrective measures, as specified in the SCMS, is further presented

below with additional detail provided in Sections 7.0 through 9.0.

Well Location Rationale/Purpose Indicator Constituent Analytical Method
TCE Hot-Spot Areas
MW-1A/B Background TCE USEPA Method 8240
MW-5A/B Hot-Spot TCE USEPA Method 8240
MW-20A/B Hot-Spot TCE USEPA Method 8240
MW-23A Hot-Spot TCE USEPA Method 8240
Nitro Dump Area
WT-15A Background Benzene/Phenols USEPA Methods 8240/8270
WT-14A Hot-Spot Benzene/Phenols USEPA Methods 8240/8270
WT-13A Perimeter Benzene/Phenols USEPA Methods 8240/8270
TD-5 Perimeter Benzene/Phenols USEPA Methods 8240/8270
Past Disposal Area
MW-14 Background Benzene USEPA Method 8240
MwW-7 Hot-Spot Benzene USEPA Method 8240
MW-22R Perimeter TCE/Benzene USEPA Method 8240
MW-24A Hot-Spot TCE/Benzene USEPA Method 8240
S006619708.56
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All ground-water analyses were performed by a certified laboratory. Field sample
collection/monitoring forms and laboratory data packages for each quarterly event are provided
in Appendix A. As part of the data evaluation in the following sections, ground-water depths,
gradients, and analytical results are presented in tabular formats. Presentation methods such as
indicator constituent trend plots, isopleth maps, and statistical analysis of constituent mass

reductions are also provided, as appropriate.

The monitoring network was sampled at a quarterly frequency from September 1996 to the
present in order to track and evaluate the ground-water quality and the effectiveness of the
stabilization/corrective measures program. Recommendations for continued long-term ground-
water monitoring, sampling frequency and targeted analytes are provided in subsequent sections

of this report.

6.3 Comprehensive Performance Evaluation
As described in the SCMS, the time period for the comprehensive performance evaluation was

to be selected based on satisfying the following two primary objectives:

¢ provide a sufficient amount of time as necessary to ensure that ground water in an
upgradient defined Hot-Spot boundary location has traveled through the downgradient
property boundary (ground-water flow velocities of up to 438 feet per year based on a
maximum 1.2 feet/day flow velocity were reported in the SCMS); and

e provide a sufficient amount of time to collect statistically significant monitoring data
which supports that asymptotic levels of either separate-phase product recovery or

residual constituent mass recovery have been reached.

In light of considering both objectives and the above-described information, the comprehensive
performance evaluation pertod was selected in the SCMS to be 18 months. The evaluation was
to focus on cleanup levels which could be technically achieved within the desired time frame and
propose recommendations for modification of the program as necessary. The performance
evaluation was specified to include a recommendation for one of the possible options listed

below.
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* Continue operation and modify the remedial action objectives; or
e Discontinue operation and apply for alternative permit levels or a technical

impracticability waiver.

The SCMS stated that should the performance monitoring data indicate that technically feasible
constituent reductions (i.e. asymptotic levels) be reached, the option to discontinue further
stabilization/corrective measures would be pursued. Similarly, the performance of the kerosene
product recovery system was to be evaluated based upon analysis of the marginal rate of
effectiveness. The SCMS stated that the cumulative volume of product recovered would be
plotied versus time. As the slope of this curve approaches zero, this signals that the marginal rate
of effectiveness of product recovery is declining and that technically feasible limits have been

achieved.

Due to the timing of full-scale extraction system startup, operational changes in the LNAPL
recovery systems, and the cessation of pumping on April 9, 1998 due to regulatory concerns
regarding treatment of recovered ground water, some components of the corrective measures
operated significantly less than 18 months. As described later, this leads to recommendations for
continued operation and/or monitoring of several of the previously implemented corrective

measures for a limited time in order to provide a larger data set for evaluation.
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7.0 PAST DISPOSAL AREA - GROUND WATER AND KEROSENE LNAPL, DUAL-
PHASE EXTRACTION AND TREATMENT

7.1 Objective

The remedial objective for the Past Disposal Area was to reduce kerosene LNAPL thickness in
the vicinity of monitoring well MW-7 to the maximum practicable extent, and to reduce VOC
mass (primarily TCE and benzene) in the alluvial aquifer. As described in the SCMS, the
product is believed to be related to a former underground storage tank previously located
proximate to the well, and limited in horizontal extent. Two separate-phase product systems
were installed in the late 1980s (both in well R-2, located approximately 20 feet south of MW-7)
to remove the kerosene. First, a dual-pump system incorporating a ground-water depression
pump and a skimmer pump was used. The second system used a product-only pump. Each
system achieved only limited product removal and was shut down. Experience with the prior
systems and the limited areal extent of the product indicated that the separate-phase product was
relatively immobile in the silty layer which is predominant in the upper portion of the aquifer and

does not extend to the Kanawha River.,

7.2 System Description

After evaluating the limited success of the previous product recovery measures, a more
aggressive total fluids removal system was selected (Roux Associates, Inc., 1995b). The selected
separate-phase product recovery system consisted of four (4) new six-inch diameter polyvinyl
chloride (PVC) extraction wells specifically designed for total fluids (combined separate-phase
product and water) recovery. The four extraction wells were located within the known area of
separate-phase kerosene product, as shown on Figure 9, and were equipped with four QED
Hammerhead® air-operated positive displacement submersible pumps. The air-operated
submersible pumps were designed to pump both separate-phase product LNAPL, when
encountered, and water to an aboveground treatment system, and were operated using self-

contained level controls.

The recovered separate-phase product and ground water were processed through an aboveground
oil-water separator, which allowed for the separate-phase product to be collected and stored in a

275-gallon separate-phase product storage tank for proper disposal offsite. The collected ground
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water was conveyed to the nearest sewer connection via an aboveground, insulated PVC force
main for on-site treatment at the WTP. The existing NPDES-DSW Permit for the WTP was

amended to allow for this source addition.

7.3 System Installation

System design drawings and specifications were prepared by Roux Associates, Inc., and
presented in the Request for Bid for Installation of Kerosene Recovery/Treatment System (Roux
1995¢). Installation of extraction wells EW-1 through EW-4 (located within the LNAPL area)
and monitoring wells B-8A, B-8B and B-9 (located along the riverbank north of the LNAPL
arca) were installed from November 20, 1995 through December 13, 1995. Extraction wells
were drilled to approximately 60 feet below ground surface (bgs) and screened from a depth of
20 feet BGS to the base of the well using 6-inch diameter wire-wound PVC screen to enable
ground-water recovery from both hydrogeologic zones located beneath the area. Well
construction details and well logs are provided in Appendix B. Monitoring wells were drilled to
a depth of 32 feet BGS and completed with 15 feet of 4-inch diameter wire-wound PVC screen.
Other existing monitoring wells used in the LNAPL recovery corrective measure included wells
R-1 and R-2 (located within the LNAPL plume) and wells B-1 through B-7 (which circumscribe
the LNAPL area). A summary of construction details for all wells on site is provided in Table 1.
After well installation was complete, recovery system installation then proceeded during early

1996, followed by recovery system startup in February 1996.

7.4 System Operation

System operation was conducted by Potesta & Associates, with technical support from Roux
Associates, Inc. Operational activities included troubleshooting, maintenance and cleaning of the
pumps, as well as collecting performance monitoring data as described below. System operation
was initiated on February 16, 1996. From February 16 through June 16, 1996, the pump intake
levels were set deep in the wells (approximately 5 feet below the product/water interface) in
order to recover dissolved phased constituents in water only (approximately four months). This
period of time allowed for coordination with the facility WTP operators, as well as system
shakedown, prior to pumping and separating LNAPL. On June 17, 1996, the pump intake levels

were raised to intercept the kerosene/water interface and begin product recovery. From the time
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operations began, quantities of product recovered remained very low, and a number of actions
were taken in an attempt to maximize product recovery rates during the operational period.
Based on the fact that appreciable quantities of product had not accumulated in extraction wells
EW-2, EW-3 and EW-4 during the initial four-month water-only pumping period, even with an
induced gradient, future product recovery was also anticipated to be quite low in these areas.
Data collected during this period indicated that the plume was much smaller and more localized

than originally thought.

The system operated relatively consistently at the product/water interface from June 17, 1996
through September 19, 1996 (3 months), at which time system shutdown was required for major
cleaning and maintenance. The total fluids recovery system only operated on a limited basis
thercafter (with restricted flows and/or not all wells on line) in October and November of 1996,
and from March through May of 1997 (approximately 5 more months of operation). It was
believed that the lack of product recovery during this time may have been due to either fouling of
the upper portion of the screen (not allowing product into the well) or the high yield of the wells.
As a result of the high yield, it was not possible to achieve substantial drawdown (less than four
feet) to create a substantially depressed hydraulic gradient for LNAPL to be collected. Steps
taken to remedy these potential causes included resetting the pump intake elevation, inserting
packers in the wells, and acid cleaning the well screens. These activities were believed to have
had a short term benefit, but did not lead to any appreciable long-term product recovery. It
should be noted that while well EW-1 has been observed to have up to 1.5 feet of separate phase
product which tailed off to non-measurable in March 1998, wells EW-2 through EW-4 have
never had any detectable product to recover, and pumping of over 500,000 gailons of water from

EW-1 through EW-4 apparently did not draw product into these wells.

Additional operational activities included the installation of QED Ferret® product skimming

pumps in wells B-1, B-2 and B-3 in an attempt to increase recovery rates. These pumps, which
were operated from August 5, 1997 through April 9, 1998 in well B-1 and October 28, 1997
through April 9, 1998 in wells B-2 and B-3, produced the majority of the total free product

collected during the operational period. In addition, a SitePro® dual phase pump system

(combined water table depression/product-only skimmer pump) was installed in extraction well
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EW-1 in October 1997 in an effort to increase product recovery through re-establishing ground-
water drawdown, although the system was not ready for operation until April 8, 1998 due to

operational/troubleshooting problems with the water table depression pump.

These systems were operated until April 9, 1998, at which time ground-water corrective
measures were temporarily ceased due to regulatory agency concerns with the treatment and

discharge of recovered ground water from the PDA Area.

7.5 Performance Monitoring

As mentioned in Section 6.2, a performance monitoring program was implemented to track the
progress of each full-scale ground-water stabilization/corrective measure and consisted of two
primary components: data collection and performance evaluation. The performance monitoring

program for the LNAPL area included:

¢ routine gauging of LNAPL area ground-water monitoring wells and piezometers to
determine apparent product thickness, as well as to determine hydraulic influence of

individual extraction wells;

e a routine ground-water monitoring program designed to track water quality changes at a

given frequency; and

e a comprehensive data evaluation program designed to evaluate actual performance

against expected system performance.

The following sections discuss each component associated with the LNAPL performance

monitoring program.

7.5.1 Data Collection

Specific data acquisition objectives for the LNAPL area were to:

e monitor the effects of the system in reduction of the thickness and areal extent of
kerosene product within the LNAPL area;
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e monitor water-level elevations and evaluate influence zones at defined extraction rates;
o evaluate if additional procedures were necessary to augment system performance; and

¢ determine if technically feasible dissolved phase mass reductions or separate-phase

product recovery rates have been achieved.

The specific ground-water monitoring program used for performance evaluation of the kerosene
LNAPL ground-water stabilization/corrective measure is presented below. The rationale or

purpose of each monitoring well location is also provided.

Monitering Well Rationaie/Purpose Indicator Constituent Analytical Method
Location

MW-14 Background Benzene USEPA Method 8240
MW-7 Hot-Spot Benzene USEPA Method 8240
MW-22R Perimeter TCE/Benzene USEPA Methad 8240
MW-24A Hot-Spot TCE/Benzene USEPA Method 8240
EW-1 through EW-4 Extraction Wells LNAPL Thickness Physical Measurement
MW-7, W-1,R-1,R2 Hot-Spot LNAPL Thickness Physical Measurement
B-1 through B-4 Hot-Spot LNAPL Thickness Physical Measurement
B-5, B-6, B-7 Riverbank Water Level Only Physical Measurement
B-8A, B-8A, B-9 Riverbank Water Level Only Physical Measurement

Chemical analyses of well samples {where indicated above) have been performed on a quarterly
basis since September, 1996 (after approval of the SCMS). The most recent data available to
date is from samples collected in the December 1998, quarterly monitoring event. LNAPL
thickness measurements were performed on wells as noted on a periodic basis between quarterly
events. Ground-water elevation was measured during all quarterly monitoring events, and from
all wells within the LNAPL area during each periodic measurement event, A site plan showing
ground-water elevations in the PDA is presented as Figure 10. Analytical results for VOC
analysis of ground water from September 1996 through December 1998 are presented in Table 7
and later discussed herein. Periodic ground-water and product elevation measurements from all

of the LNAPL area monitoring wells are provided on Table 8 and are later discussed in Section
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7.5.2.2. Field LNAPL monitoring logs are provided in Appendix C. Trend graphs showing

apparent product thickness over time are provided in Appendix D.

Product Bail-Down Tests

As an additional task, separate-phase product bail-down tests were conducted on each of the six
wells in which product was typically observed. These wells included MW-7, R-2, B-1, B-2, B-3
and B-4. As wells W-1 and EW-1 had free product present in the December 22, 1998 gauging
round (0.19 feet in W-1 and 1.15 feet in EW-1), it was also decided to test these wells. The
purpose of these tests was to evaluate the actual separate phase product thickness within the

formation, for comparison to the apparent product thickness as measured in the wells.

As described by Testa (1989) and others, free product thickness as measured in wells always
overestimates the actual formation free product thickness. The difference between the depth to
product and corrected depth to ground water may sometimes be used as a more realistic upper
bound estimate of product thickness, but is still conservatively high. With many soil types, and
particularly a fine silty material such as that present on site, the large capillary zone thickness can
result in significant exaggeration of the apparent product thickness. While measurement of
(apparent) free product thickness in wells is commonly used as an inexpensive method to track
general trends in the areal extent and quantity of free product, these measurements of apparent
product thickness can significantly overestimate the quantity of free product present by as much
as one or two orders of magnitude. It is therefore important to compare these results with a more

accurate measure of actual free product thickness at each well location.

The product bail-down test method used, as described by Gruszenki (1987), is similar to an
aquifer slug test, and utilizes a graphical method to evaluate the actual formation product
thickness. All product is bailed from the well, and the recovery of ground water and free product
is monitored. The classic shape of curves produced shows the water level rising, then slowly
falling. The inflection point in the curve is identified, and the product thickness is determined
based on the difference between product and ground-water levels at that time. As mentioned,
product bail-down tests were conducted on each of the 6 wells in the Kerosene area in which

LNAPL is generally present (wells included MW-7, R-2, B-1, B-2, B-3 and B-4) plus well W-1.

ROUX ASSOCIATES INC 45 SO06619J08.56



However, well EW-1 did not provide useful results due to the rapid water level recovery rate in
this well. Note that wells B-5, B-6 and B-7, located along the riverbank, as well as wells R-1,
EW-2, EW-3 and EW-4 have never had any separate-phase product detected and were, therefore,
not tested. A comparison of apparent product thickness (as measured and presented on Figure
11) and actual product thickness (based on bail-down tests and presented on Figure 12) is
presented on Table 9. A discussion of calculated apparent to actual product thickness ratios is later

discussed in Section 7.5.2.1. Copies of the product baildown tests and plots are included as

Appendix E.

7.5.2 Performance Evaluation
The performance evaluation for the Past Disposal Area focused on two distinct areas., First, the
performance evaluation focused on the effectiveness of the kerosene LNAPL system in reducing

LNAPL thickness and volume. The purpose of this evaluation was to determine:

¢ whether the system implemented has been effective in reducing separate-phase product

thickness and/or preventing migration of separate-phase product;
e whether continuing to run the recovery system will provide added benefit; and, if so

* whether any modifications to system design or operation are warranted.

Second, the performance evaluation focused on the effectiveness of the ground-water recovery
portion of the system in reducing contaminant concentrations (primarily TCE and Benzene). The

purpose of this evaluation was to determine:

e whether the system implemented has been effective in reducing contaminant

concentrations;

+ whether continuing to run the recovery system will provide added benefit; and, if so

o whether any modifications to system design or operation are warranted.
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7.5.2.1 Effectiveness of LNAPL Recovery Measures

Similar to the two other free product recovery systems previously implemented on site, the
LNAPL recovery corrective measure was successful in recovering only a small quantity of
product {(approximately 152 gallons of kerosene) over the system’s operational period. Data
collected through the operation of the LNAPL recovery system, in conjunction with product
thickness data and known site characteristics demonstrate that remaining product is not readily
recoverable. The data supports a site model in which a minimal actual formation free product
thickness (0 to 6 inches), in conjunction with a large capillary zone in the silty site soil produces
large (up to 2.17 feet) apparent product thicknesses as measured in wells. At the same time, bail-
down tests and long-term product recovery rates demonstrate that little free product is actually
present. This material is trapped in a silty matrix from which it is not readily recoverable by
conventional means. The local area around MW-7 does appear to produce enough free product
in some wells that continued passive recovery and/or frequent bailing may have some benefit;
however, more aggressive pumping has not been shown to demonstrate added benefit during the
approximately twelve-month intermittent operating period between February 1996 and May
1997.

Apparent to Actual Product Thickness Ratios

A total of 15 monitoring and extraction wells are present in the local area encompassing the
LNAPL plume. Three additional wells (B-8A, B-8B and B-9) were installed in conjunction with
the LNAPL corrective measure, but are located a greater distance to the north. As shown on
Table 9, apparent product thicknesses (where detected) range from 0.18 feet (in well W-1) to
2.08 feet (in well B-3), with an average of 1.23 feet. The actual thicknesses as determined by
completed bail-down tests conducted on the same day ranged from 0.0 feet (in well W-1) to 0.70
feet (in well R-2), with an average of 0.288 feet. As is common with many LNAPL plumes, the
ratio of apparent to actual product thickness varies from approximately 2:1, where actual product
thickness is greatest, to 15:1 where the least product is actually present. The overall average
ratio of apparent to actual thickness (exaggeration factor), calculated as shown on Table 9, was

found to be 4:1.

ROUX ASSOCIATES INC 47 5006619.J98.56



As with Testa (1989), de Pastrovich (1979) also describes the relationship between separate
phase product density and exaggeration of apparent product thickness. The method described by
de Pastrovich can be used as a tool to approximate the actual product thickness in the formation
based on measured LNAPL thickness in wells. In simplified form, the exaggeration factor (C) is
equal to the specific gravity of the product (P,,) divided by the difference between the specific
gravity for water (H,0,,) and the specific gravity of the product.

[C = Psg/(H2osg - Psg)]

The specific gravity of kerosene is reported to be in the range of 0.78 to 0.82. This gives an
exaggeration factor of approximately 4. This ratio, as calculated using the de Pastrovich method,
1s in agreement with the site-specific exaggeration factor determined through product bail-down

testing.

ILNAPL Plume Extent

Figure 12 shows the limits of the LNAPL plume area, as well as actual LNAPL thickness based
on the product baildown tests completed during December 1998 and January 1999. As shown on
Figure 12, the LNAPL plume does not extend to the riverbank monitoring wells B-5 through B-9.
This is consistent with prior data, which has never shown detectable kerosene product in any
riverbank monitoring well. Wells B-1 through B-4, which circumscribe the north, east and south
sides of the LNAPL area, were demonstrated to have an actual product thickness of up to 0.44
feet, where conclusive test results were obtained. However, this is far less than the apparent
thicknesses frequently measured there. Based on the size and actual thickness of the LNAPL
plume (as shown on Figure 12) and a typical soil porosity of 0.30, the estimated quantity of
kerosene present in the subsurface is approximately 6,770 gallons. Typically, between 30 and 50
percent of free product present is considered to be recoverable, or a total of 2,030 to 3,380
gallons. As several product recovery systems have already been implemented on the site over a
period of years, which have demonstrated substantial difficulty in recovery of free-phase product,

the percent of recoverable product is estimated to be less in the PDA.
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7.5.2.2 Effectiveness of Ground-Water Recovery Measures

Ground-water recovery efforts in the Past Disposal Area involved pumping of extraction wells
EW-1 through EW-4. The primary purpose of pumping these wells was to enhance free product
recovery as described above, with the additional purpose of mass removal of dissolved phase
TCE and Benzene. Effectiveness monitoring data, as described above, included quarterly
analysis of samples from monitoring wells MW-7 and MW-14 (the upgradient well) for benzene,
as well as quarterly analysis of wells MW-22R and MW-24A for both benzene and TCE. Trend
graphs depicting ground-water data from the PDA are included as Appendix F.

Monitoring well MW-7 serves as the primary Hot-Spot (dissolved phase and LNAPL)
monitoring well, located between the four extraction wells. MW-22R serves as a perimeter well
to the LNAPL plume, while still located within the observed benzene/TCE impacted area.
Finally, well MW-24A is located at the southern tip of the Past Disposal Area benzene/TCE
impacted area. It should be noted that while this well is classified as a Past Disposal Area
monitoring well, it is located approximately 60 feet from the TCE Hot-Spot Area EW-5A/EW-
5B extraction well pair, and serves mainly to monitor the effectiveness of the EW-5A/EW-5B
pair. Detailed discussions of the results of sampling each of these wells are further described

below. A summary and proposed recommendations are addressed in Section 7.6.

MW-7
Monitoring well MW-7 had benzene concentrations ranging from non-detect to 5.34 mg/¢ during
the effectiveness monitoring period, with an average concentration of 2.942 mg//. The data

shows a very slight increasing trend in benzene concentration. However, this appears to be

skewed by the anomalous non-detect concentration in December 1996. In fact, the December
1998 concentration of 2.99 mg/¢ compares rather closely with the September 1994 concentration
of 3.00 mg/# (as reported in the SCMS) and the September 1996 value of 3.03 mg/¢. Data from
the seven quarters from March 1997 through December 1998 shows a slight downward trend

with an average concentration of 3.29 mg/¢, as compared to the permit limit of 0.005 mg// for
benzene. Well MW-7 is located far enough north not to be affected by the TCE Hot-Spot Area

extraction well capture zone. The MW-7 benzene concentration was also not significantly
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affected by the Past Disposal Area ground-water recovery program. This was primarily due to

the limited pumping duration and low flow rate from the EW-1 through EW- extraction wells.

MWw-14

Monitoring well MW-14, the upgradient well, has had non-detectable benzene concentrations
during all quarterly sampling events since September 1996, with the exception of the December
1996 event. At that time, a concentration of only 0.001 mg/¢ (one fifth of the permit limit) was

detected.

MW-22R

Monitoring well MW-22R has exhibited consistently low concentrations of both benzene and
TCE over the past nine quarters. Benzene concentrations have ranged from non-detect to 0.150
mg/¢ during the effectiveness monitoring period, with an average concentration of 0.0244 mg//¢
(within an order of magnitude of the permit limit of 0.005 mg/¢). The data shows a slight
decreasing trend in benzene concentration as calculated over 10 quarters. After a significant
decrease in benzene concentration in the December 1996 event (from 0.150 mg/? to 0.021 mg/#),
concentrations have gradually continued to decrease to non-detect in the December 1998 event.
TCE concentrations have ranged from non-detect to 0.077 mg// during the effectiveness
monitoring period, with an average concentration of 0.022 mg/¢ (also within an order of
magnitude of the permit limit of 0.005 mg/¢). The data shows a very slight increasing trend in
TCE concentration, as calculated over 10 quarters, but has demonstrated a consistently

decreasing trend over the past four quarters.

MW-24A4

Monitoring well MW-24A is located approximately 60 feet from TCE Hot-Spot extraction wells
EW-5A and EW-5B, in an upgradient direction, and would be expected to be affected by
pumping of those wells. Extraction well EW-5A operated from August 6, 1997, through April 9,
1998. Well EW-5B began operation on November 3, 1997, and also ceased pumping on April 9,
1998. Well MW-24A exhibited a slight overall decreasing trend for both Benzene and TCE as

calculated over a period of 10 quarters. Upon closer review, the graph of TCE concentration
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with time shows a gradual decrease in concentration from 0.568 mg/¢ to 0.431 mg/f over the
period from September 1996 through June 1997. After initiation of withdrawal in wells EW-
5A/5B, TCE concentrations increased to 2.060 mg/f. Finally, after the cessation of pumping,

concentrations dropped to between 0.102 mg/{ and 0.2 mg/¢ in the June 1998 through December
1998 quarters, respectively. Although the duration of ground-water withdrawal in the vicinity of
well MW-24A was relatively short, the data suggests that pumping of the EW-5A/5B wells
serves to draw more contaminated upgradient water past well MW-24A on the way to the
extraction wells. The decrease after cessation of pumping could then be the result of recharge of
cleaner water, either from deeper in the formation or from the river. Benzene concentrations

demonstrated a similar, but slightly less pronounced effect.

7.6 Summary and Recommendations

Based on the limited extent, recoverability and the lack of mobility of existing product in the
LNAPL areas during an intermittent twelve-month period of operation, it has been demonstrated
that reinstating active product recovery in conjunction with ground-water withdrawal at this site
will not increase product recovery rates or individual well yields. However, passive product
skimming has been demonstrated to be an effective means of managing the small amount of
product which does collect in the wells. Therefore, it is proposed to reinstate operation of
passive skimming pumps and/or frequent bailing in selected wells with the largest actual product
thickness without pumping ground water. It is recommended that further review of product

recovery rates be conducted after an additional 12 months of operation.

In order to provide the data required to make an informed decision at that time as to whether
further product skimming is warranted, it is recommended that additional performance data be

collected during the next 12-month interim recovery period. This information should include:

* periodic (monthly) gauging of ground-water and product levels in all available LNAPL

Area monitoring points;

e periodic (monthly) measurement of the quantity of recovered kerosene from each

individual well; and
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¢ periodic {approximately quarterly) comparison of apparent and actual product thickness

based on bail-down tests.
This data will allow a more specific determinationt of a declining or asymptotic trend in actual

product thicknesses and recovery rates, in order to ecstablish when all practicable product

recovery has been completed.

ROUX ASSOCIATES INC 52 5006619J08.56



8.0 TCE HOT-SPOT AREA - GROUND-WATER EXTRACTION AND TREATMENT

8.1 Objective

The objective for the TCE Hot-Spot ground-water recovery corrective measure was to reduce
volatile organic contaminant mass (primarily TCE and benzene) in the alluvial aquifer in
identified Hot-Spots in the vicinity of monitoring wells MW-24A, MW-5A/5B, MW-20A/20B
and MW-23A to the maximum practicable extent and demonstrate that the area local to these
monitoring points would be stable under pumping conditions. The Hot-Spots are believed to
result primarily from non-specific sources within the plant process area, including the facility

sewer system.

8.2 System Description

The extraction system implemented in the TCE Hot-Spot Area included the installation of
appropriate extraction wells proximate to the four identified Hot-Spot areas/wells listed above.
Extraction well depths and screen intervals (listed on Table 1)} were selected to be consistent with
proximal monitoring wells. Paired extraction wells were installed at locations where paired
monitoring wells exist. Additional system components consisted of extraction well pumps,
conveyance piping, connection to the facility sewer and ancillary equipment such as flow meters

and controls at each well location.

The collected ground water was conveyed to the nearest sewer connection via an aboveground,
insulated PVC force main for on-site treatment at the WTP. The existing NPDES-DSW Permit
for the WTP was amended to allow for this source addition. A site plan showing the TCE Hot-

Spot remediation system is provided as Figure 13.

8.3 System Installation

System design drawings and specifications were prepared by Roux Associates, Inc. Design
details for well installation and force main construction were essentially the same as those used
for the LNAPL system. Because the extracted water was suitable for treatment at the facility
WTP without any additional pretreatment, well discharge lines were each connected directly to
the closest appropriate access point to the facility process sewer system. Extraction wells EW-

5A/5B, EW-6A/6B, EW-7A/7B and EW-8 were installed from August 29 through September 11,
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1996. B-Zone (deeper) recovery wells (wells EW-5B, EW-6B and EW-7B) were generally
drilled to bedrock (approximately 60 feet in total depth) and screened from a depth of 20 feet
BGS to the base of the well using 6-inch diameter wire-wound PVC screen. Specific
construction details for each well are provided on Table 1. Afier well installation was
completed, installation of recovery system pumps, piping and controls then proceeded, followed

by recovery system startup.

8.4 System Operation

System operation was conducted by Potesta & Associates, with technical support from Roux
Associates, Inc. Operational activities included startup, troubleshooting, maintenance and
cleaning of the pumps, as well as collecting performance monitoring data as described below.
System startup was initiated on February 13, 1997, with the start-up of recovery well EW-8,
located at the south end of the site near MW-23A. Startup of wells EW-7B, EW-7A, EW-6A,
EW-6B, EW-5A, and EW-5B was then conducted on separate dates ranging from March 13,
1997, through November 3, 1997. The staggered startup of individual wells was conducted in
order to ensure that operation of the WTP was not affected by either the volume or quality of
recovered ground-water discharged to the WTP. Water quality sampling from each recovery
well, as well as the respective discharge manhole was conducted at the time of startup of each

well as described in the next section.

System operation then continued, with short-term shutdown of individual wells for various
mechanical maintenance, until April 9, 1998. At that time, ground-water corrective measures
were temporarily ceased due to regulatory agency concerns with the treatment and discharge of
all recovered ground water at the site. System operational logs noting the volume of water
recovered from each well, as well as dates of significant maintenance activities, are provided in

Appendix G.

8.5 Performance Monitoring
As discussed in Section 6.2 and 7.5, a performance monitoring program was implemented to
track the progress of each full-scale ground-water stabilization/corrective measures system. The

performance monitoring program for the TCE Hot-Spot Area included:
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routine gauging of site-wide monitoring wells and piezometers to understand on-going

ground-water flow conditions;

routine sampling of ground water from the extraction wells and select monitoring wells in
order to evaluate temporal trends in water quality and to evaluate contaminant mass

removal; and

measurement of operational parameters, such as extraction rates, in order to evaluate and

maintain mechanical performance.

8.5.1 Data Collection

Specific data acquisition objectives for the TCE Hot-Spot Area were to:

monitor the effects of the system in reduction of dissolved phase constituent

concentrations within the TCE Hot-Spot Area;

monitor water-level elevations and evaluate influence zones at defined extraction rates;

evaluate if additional procedures were necessary to augment system performance; and

determine if technically feasible dissolved phase mass reductions have been achieved.

The specific ground-water monitoring program used for performance evaluation of the TCE Hot-

Spot Area ground-water stabilization/corrective measure is presented below. The rationale or

purpose of each monitoring well location is also provided.

Monitoring Well Location Rationale/Purpose Indicator Constituent Analytical Method

TCE Hot-Spot Area

MW-1A/B Background TCE USEPA Method 8240
MW-5A/B Hot-Spot TCE USEPA Method 8240
MW-20A/B Hot-Spot TCE USEPA Method 8240
MW-23A Hot-Spot TCE USEPA Method 8240
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Chemical analyses of well samples have been performed on a quarterly basis since September,
1996 (after approval of the SCMS). The most recent data available to date is from samples
collected in the December 1998 quarterly monitoring event. Ground-water elevation was
measured during all quarterly monitoring events at all wells from which samples were collected.
Analytical results for VOC analysis of ground water from September 1996 through December

1998 are presented in Table 7, included in Appendix H, and are later discussed in Section 8.5.2.1.

In addition to the monitoring network described above, samples were collected from all TCE
Hot-Spot Area extraction wells for purposes of system performance monitoring. All available
VOC analytical results from these wells are provided on Table 10. As shown on the table, each
recovery well was sampled for the complete VOC list on its first day of operation. In some
cases, individual organic constituents or the full volatile organics list were also analyzed at the
time of start-up of the first recovery well (EW-8) or during subsequent recovery operations. This
data was then available for use in calculation of mass removal rates from the recovery wells, as

well as for use by the operators of the site WTP to monitor influent concentrations.

8.5.2 Performance Evaluation

Ground-water recovery efforts in the TCE Hot-Spot Area involved pumping of extraction wells
EW-5A/5B, EW-6A/6B, EW-7A/7B and EW-8. The primary purpose of pumping these wells
was to achieve mass removal of dissolved phase TCE and, where present, benzene.
Effectiveness monitoring data, as described above, included quarterly analysis of samples from
upgradient monitoring wells MW-1A/1B, as well as Hot-Spot monitoring wells MW-5A/5B,
MW-20A/20B and MW-23 for TCE. Monitoring well data, including-both contaminant
concentrations and water levels was reviewed with the use of graphical, as well as statistical
analysis. Graphical representations of the data for the monitoring wells including trends over
time are presented in Appendix I, while trends in extraction wells are included in Appendix J.
As described in Section 7.5.2.2, MW-24A, which was specified to be a part of the Past Disposal
Area monitoring network, is also the closest well to the TCE Hot-Spot Area EW-5A/5B pair, and
is valuable in monitoring of the TCE Hot-Spot Area recovery system. The performance
evaluation presented below first considers the data collected from the TCE Hot-Spot Area

monitoring network, followed by an evaluation of the extraction well operation.
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8.5.2.1 Evaluation of Monitoring Well Data
The following paragraphs provide a detailed discussion regarding monitoring well concentrations
over time in the TCE Hot-Spot Area. A summary and recommendations for this area are

included in Section 8.6.

MW-14/1B

Monitoring well MW-1A, the shallow upgradient monitoring well, has had no detectable TCE
during 6 of the 10 quarters of effectiveness monitoring (including the last 4 quarters). The
remaining points are well within the statistical confidence limits of the average concentration,
with the exception of the December 1996 event, during which a TCE concentration of 0.06 mg/{

was detected.

MW-1B, the lower zone upgradient well, also had no detectable TCE during the last 7 quarters of
effectiveness monitoring, as well as during previously reported sampling rounds in 1985 and
1994. However, at the beginning of the effectiveness monitoring period on September 25, 1996,
a concentration of 0.033 mg/¢ TCE was detected. This concentration rapidly declined over the

next three quarters leading up to the June 17, 1997 quarterly ground-water sampling event.

MW-54/5B

Monitoring wells MW-5A and MW-5B are located within approximately 20 feet directly
downgradient of extraction wells EW-6A and EW-6B, and were expected to be directly impacted
by recovery operations at those wells. At the beginning of the effectiveness monitoring period,
well MW-5A had a record low TCE concentration of 0.186 mg/¢ on September 9, 1996, followed
by a record high of 1.7 mg/¢ TCE. The concentration then began a downward trend over the next
quarter (prior to recovery well startup), which continued for two more quarters after startup of
recovery wells EW-6A/6B. The concentration then leveled off in the range of 0.7 to 0.8 mg/¢
through June 1998, after the end of recovery operations. This level is consistent with the
previously reported 1985 and 1994 data for this well. The October 6, 1998 data then showed an
increase to a near record high of 1.67 mg/¢, with a drop to 1.16 mg/¢ during December 1998.
While the decreasing trend in TCE concentration during the recovery period is not inconsistent

with positive effects of ground-water recovery, the short operational period (less than one year)
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and comparison with historic data indicate that this may simply represent a return to typical

concentrations following a short-term high unrelated to (preceding) recovery operations.

Monitoring well MW-5B demonstrated similar trends in TCE concentration as well MW-5A
durtng the pre- and post-recovery periods, although concentrations are generally higher than the
shallow well, with an average of 2.858 mg/¢ TCE. However, during the ground-water extraction

period from May 9, 1997 through April 9, 1998, TCE concentrations continually increased to a
high of 3.6 mg/¢ on February 18, 1998.

MW-204/20B

Monitoring wells MW-20A and MW-20B are located approximately 100 feet southwest
(sidegradient) of extraction wells EW-7A and EW-7B, and were expected to be impacted by
recovery operations at those wells. Monitoring well MW-20A was observed to have the most
variable TCE concentration of all wells in the effectiveness monitoring program. The sawtooth
graph of TCE data showed the data points to be outside the 99% confidence limits around the
average of 5.37 mg//, with a range of 0.836 mg/{ to 9.180 mg/¢. It was therefore not possible to
discern any apparent effect of the approximate one-year operational period of the extraction
wells. Water level data do show an apparent drawdown of approximately one foot, as compared

to pre- and post-pumping periods.

MW-20B was far less variable than MW-20A on a quarterly basis. After a historic high of 2.3
mg/¢{ TCE during the September 19, 1994 sampling, the concentration leveled off around 1.1
mg/{ for four quarters, extending through the startup of recovery operations at EW-7A/7B. The
TCE concentration dropped slightly to a record low of 0.755 mg/¢ on September 9, 1997, and

then followed a slight increasing trend through the end of recovery operations. The first
quarterly event after cessation of pumping showed a jump to a record high TCE concentration of
2,920 mg/¢ on June 25, 1998. The October and December samples showed a very slight
decrease. Similar to several other wells, the data could suggest the introduction of more
contaminated upgradient water during the period of ground-water recovery operations. However,

the data do not support a firm conclusion.
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MW-234

Monitoring well MW-23A is located approximately 10 feet from TCE Hot-Spot Area extraction
well EW-8, which operated from February 13, 1997, through April 9, 1998. Statistically, MW-
23A demonstrated a slight increasing trend during the effectiveness monitoring period.
However, two of the three post-recovery sampling events (June and October 1998) demonstrated
the highest (2.630 mg/¢) and lowest (1.190 mg/¢) TCE concentrations to date. The relatively
narrow range of concentrations observed indicates that ground-water pumping did not have a

significant overall effect on process area TCE concenirations.

8.5.2.2 Evaluation of Extraction Well Operation and Monitoring Data

Operation of the TCE Hot-Spot Area ground-water extraction network was generally consistent
with little significant downtime for major repairs. As noted above, the period of operation of
individual extraction wells ranged from as little as five months for EW-5B to 14 months for EW-

8, prior to temporary cessation of extraction operations in April 1998.

As shown on Table 11, TCE concentrations were evaluated in conjunction with ground-water
pumping rates to estimate the mass of TCE removed from each extraction well. Average
extraction well pumping rates (based on total gallons pumped divided by the total length of the
extraction period were 0.26 gpm for A-zone recovery wells and 6.26 gpm for the deeper B-zone
wells.  As a result, the TCE Hot-Spot Area ground-water corrective measure effectively
recovered 8,909,782 gallons of ground water containing an estimated total of 164 pounds of
TCE.

All seven TCE Hot-Spot Area extraction wells were analyzed for a full list of volatile organic
constituents on their respective date of startup. Most extraction wells also had samples collected
for a limited volatile organic parameter list on February 13, 1997, the day of startup of the first
well (EW-8). Only wells EW-6A and EW-6B had additional samples collected during their
subsequent operating periods. Well EW-6A was sampled approximately two months after
startup, and well EW-6B was sampled one month and two months after startup. Graphs of the
data for these wells (Appendix J) show no significant trend in TCE concentration during the

early operational period. As noted in the recommendations below, collection of additional
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extraction well TCE concentration data points during the operational period for each well would
have allowed for a more refined calculation, as well as a determination of the change in mass

removal rates with time.

Ground-water gauging data collected during quarterly sampling events is summarized on Table
7. This data was used to prepare partial site-wide ground-water contour maps for the November
20, 1997 and December 4, 1998 quarterly events. The 1997 event (Figure 14) represents the
peniod of maximum ground-water withdrawal during operation of all seven ground-water
extraction wells. The December 1998 event (Figure 15) represents a static condition during
which no ground-water withdrawal was occurring. Figures 14 and 15 demonstrate predominant
on-site ground-water flow patterns similar to that observed during historical ground-water
gauging events. The figures do not show the ground-water divide as observed in previous
events, since fewer wells were used to prepare these Process Study Area Maps. None of the
wells included in the quarterly effectiveness monitoring program are located east of the location
of the ground-water divide. The number and location of wells incorporated into the quarterly
gauging event did not provide sufficient resolution to identify the effect of specific pumping

wells.

8.6 Summary and Recommendations
Evaluation of the effectiveness monitoring data collected from the TCE Hot-Spot Area extraction

wells and monitoring well network leads to the following conclusions:

e TCE Hot-Spot Area extraction well operations were successful in recovering 8,909,782

gallons of ground water from the alluvial aquifer and approximately 164 pounds of TCE.

* Known aquifer characteristics in conjunction with system design information indicate
that the extraction system should influence ground-water flow over all Hot-Spot areas
(and most of the process area). However, data collected during the effectiveness
monitoring period were not sufficiently detailed to make a specific determination of the

zone of influence actually established.
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o Data collected from monitoring wells proximate to individual extraction wells was
variable, with the suggestion of increasing or decreasing trends at individual wells unable
to be statistically confirmed based on the available data. The data do not demonstrate a
positive effect in continued operation; however, they are also insufficient to prove that

maximum practicable mass removal has been achieved.

o After recovery of 8,909,782 gallons of ground water, none of the extraction wells or
monitoring wells yielded data indicative of any high concentration slug or evidence of

any separate-phase TCE product in the alluvial aquifer.

Based on the above observations, and in order to observe the effects of longer-term recovery
system operation, it is proposed to reinstate operation of the seven TCE Hot-Spot area
extraction wells for an additional 12 month operational year. At the end of that period, the
analysis provided in this report would be updated and a recommendation made as to whether
extraction operations should continue or be discontinued. In order to provide the data
required to make an informed decision at that time as to whether further ground-water
extraction is warranted, it is recommended that additional performance data be collected

during the operational period. This information should include the following:

o Quarterly monitoring of the same site-wide ground-water monitoring network as used
during the effectiveness monitoring period should continue during the additional

operational period.

e During each quarterly event, all site monitoring and extraction wells should be
gauged (including those which are not sampled), in order to allow for a more detailed

analysis of site-wide ground-water flow and influence.

s During each quarterly sampling event of the monitoring well network, all extraction
welis should be sampled for volatile organic analysis, in order to allow for a more

detailed analysis of mass removal trends.
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These data will allow a more specific determination of a declining or asymptotic trend in actual
contaminant mass removal rates, in order to establish when all practicable mass removal has
been completed. Based on the data obtained to date from both extraction and monitoring wells,
it 1s likely that upon cessation of this additional 12-month pumping period, Solutia will petition
for discontinuance of perimeter pumping since it is expected that the local ground water system
will have been sufficiently stressed without significantly affecting monitoring or extracted
concentrations. In accordance with the SCMS, the pumping program was proposed to
demonstrate that a stable environment exists, and that a significant source did not remain beneath
the Process Study Area that would increase risk to potential receptors (i.e., the Kanawha River).
If this continues to be the case as demonstrated by additional monitoring of process area
monitoring wells, Solutia will seek approval for alternate permit levels or a technical

impracticability waiver to achieve final compliance with the RCRA Permit for the site.
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9.0 CITY OF NITRO DUMP AREA - IN-SITU BIOSPARGING

9.1 Objective

The remedial objective for the City of Nitro Dump Area was to reduce contaminant (benzene and
phenols) mass to the maximum practicable extent local to well WT-14A. The feasibility of
accomphishing this objective was proposed to be evaluated via the performance of a bench-scale
treatability study (to provide proof of concept and to develop full scale design parameters),
followed by a pilot field program (to verify the applicability of the process under full-scaie

conditions).

As described in the SCMS, the selected remedy for the Nitro Dump Area was the in-situ
treatment method of biosparging. There are several reasons why biosparging was favored in this
Hot-Spot area over other evaluated technologies, air sparging and ground-water extraction. First,
the primary constituents of concern in this area include methyl-phenols and chlorinated phenols.
These constituents have significantly lower Henry’s law constant and vapor pressures than TCE
and benzene. A review of published literature indicated that methyl-phenols are marginally
affected via air stripping while the chlorinated phenols are clearly unsuitable for treatment via air
stripping (Brown et al., 1993). Additionally, there is a notable reduction in hydraulic
conductivities in the shallow zone in the vicinity of WT-14A as soil boring data indicate an
increase in the predominance of fine-grained low permeability soils in the northern portion of the
site. Specifically, monitoring well WT-14A has an extremely low yield, and the surrounding

area was not considered suitable for effective ground-water extraction.

However, many favorable conditions were identified which support the in-situ biosparging
technology selection. A literature review of the degradation data for the phenolic compounds
indicates that they are biodegradable, particularly under acrobic conditions. Further, review of
site-specific dissolved oxygen data indicate that ground-water dissolved oxygen concentrations
were much lower for WT-14A than surrounding locations and the rest of the site. This is a
strong indicator that the dissolved constituents in WT-14A are naturally biodegrading, but may
be slowed by the low availability of dissolved oxygen. Published sources indicate that it is

favorable to have a ratio of from 1 to 3 parts of dissolved oxygen to 1 part constituent
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concentrations to properly achieve bioremediation. The dissolved oxygen to constituent ratio for
methyl-phenols in WT-14A was 0.8:50, far less than the favorable range. Accordingly, it was
deemed likely that a biosparging system capable of increasing dissolved oxygen concentrations
in the ground water at the WT-14A area would accelerate biodegradation and reduce observed

phenolic compound concentrations.

An in-situ biosparging approach for destruction of the constituents in proximity to well WT-14A
was selected in the SCMS. The proposed strategy for implementing biosparging at the site
consisted of two phases. Phase I involved a bench scale treatability study to determine if the site
specific conditions were suitable for biosparging of the constituents. Based on positive results
from Phase I, Phase Il consisted of the field application of the Gaseous Oxygen Injection
Remediation System (GOxIRS). Each is further discussed below. Specific elements in the

following program were developed in conjunction with Envirogen (Envirogen, 1996).

9.2 Bench Scale Treatability Study

Treatability studies on the degradation of the constituents at the site were performed by
Envirogen using representative soil and ground-water samples obtained from the area
surrounding WT-14A. Soil and ground-water samples were collected through a hollow stem
auger equipped with a split-spoon sampler. The objectives of the Phase I study were to evaluate

the following:

e The feasibility of aerobic degradation of the constituents in soils and ground water in the

vicinity of WT-14A through column studies;

= The capability of the indigenous bacteria to completely or partially degrade the observed

mixture of methyi- and chlorophenols;

s The potential biodegradation limiting factor of nutrient availability; and

e The presence of potential inhibitors to microbial activity (pH, temperature, and potential

competitive inhibition).
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Chloro- and methylphenols are generally known to be difficult to biodegrade aerobically.
However, the laboratory bench scale feasibility study performed by Envirogen indicated that
biodegradation was possible by stimulating indigenous bacteria. A copy of the Envirogen report

1s provided in Appendix K.

9.3 System Description

Based on the successful resuit of the Phase I study, which demonstrated the potential for in-situ
biodegradation of the constituents at the site, the field application of a bioremediation system
was initiated. From the available site data, the constituents in the vicinity of WT-14A were
detected primarily in a ground-water sample, indicating that the saturated zone should be the

focus of pilot testing bioremediation efforts.

The GOxIRS Field Demonstration was designed to assess the feasibility of stimulating in-situ
aerobic biodegradation of a mixture of semi-volatile organic compounds (SVOCs) dissolved in
the site ground water. The focus of the Field Demonstration was a localized area surrounding
monitoring well WT-14A, which has historically exhibited ground-water constituents of concern
concentrations which have exceeded 1 mg/f. The source of ground-water contamination was
suspected to be constituents of concern impacted soils within this “Hot-Spot”. This area is
located on the downgradient edge of the former City of Nitro Dump bordering the Kanawha

River, located within the Solutia Nitro Plant.

9.4 System Installation

The GOxIRS system (consisting of 14 oxygen injection wells, distribution manifolding, and
compressed gaseous oxygen cylinder banks) was installed around well WT-14A. Details of the
injection system installation are provided in Appendix L. The objective of the GOxXIRS was to
elevate dissolved oxygen levels in the Site ground water within and around well WT-14A to
stimulate aerobic biodegradation of the constituents of concern. A site plan showing the

orientation of the pilot biosparging program is included as Figure 16.
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9.5 System Operation

The system has been active since January 21, 1997 and has operated continuously since start-up.
Ground-water monitoring has been conducted on a quarterly basis by Potesta & Associates.
System operations and monitoring is currently being performed by Potesta & Associates with
guidance from Envirogen. Overall, constituents concentrations have been shown to fluctuate, but

have been on the decline since start-up of the system.

9.6 Performance Monitoring

As previously discussed in Section 6.2, performance monitoring for the City of Nitro Dump Arca
involved monitoring of ground water for benzene and phenols in wells WT-13A, WT-14A, WT-
15A and TD-5 (see Table 12 for a summary of results). Additional data coltected included
dissolved oxygen and nutrient concentrations in well WT-14A, as well as field operational

parameters such as oxygen flow rates and pressures.

9.6.1 Data Collection and Results Summary
The following sections present discussions of various parameters monitored during the course of

the pilot program.

9.6.1.1 Oxygen Injection and Dissolved Oxygen Monitoring

The GOxIRS injected approximately 44,260 cubic feet of oxygen (3,948 pounds) into the
demonstration area as of July 29, 1998 (see Table 1 of Appendix M). Dissolved oxygen (DO)
levels at well WT-14A have ranged between 0.4 mg/¢ (background) and 21.6 mg/¢ (super
saturated) as shown in Table 2 of Appendix M. Based on these results, it is apparent that oxygen

1s not a limiting factor for biodegradation during the course of the pilot test.

Dissolved oxygen concentrations had remained elevated (greater than 5 mg/¢) from startup until
March 27, 1998 when DO levels began to steadily decrease in well WT-14A. In response to
these observations, oxygen injection rates were increased in an attempt to maintain elevated DO
levels. This action had no effect. It was suspected that the screen of the monitoring well or the
sand filter pack in the well bore was clogged (i.e., biomass, silt, etc.). Therefore, oxygenated

ground water from the treatment area was likely recharging the well at an insufficient rate to
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satisfy microbial oxygen requirements within the well. In the treatment area soils, it was

suspected that oxygen injection rates were sufficient to keep up with oxygen utilization.

On April 27, 1998, the well was pumped to increase the recharge. Prior to pumping, dissolved
oxygen was at 0.52 mg/¢. Following pumping, DO concentrations in the well averaged 15.7
mg/¢ (high of 19.8 mg/¢). These results indicate that DO concentrations were elevated within the
treatment area surrounding WT-14A and that either ground-water recharge within the well was
impaired or oxygen was being consumed by biomass within the well bore. This was confirmed
on April 28, 1998, when DO concentrations had again dropped below 1 mg// in less than 24
hours. The rate at which the dissolved oxygen was utilized within the well indicates that

microbial activity is occurring within the well bore, and most likely within the treatment zone.

On May 7, 1998, well WT-14A was pumped again. However, this time, no appreciable increase
in DO was detected by field instrumentation (0.43 mg/¢ pre-development increased to 0.6 mg/¢).
Pumping of the well was either not effective, or dissolved oxygen concentrations within the
treatment area had dropped significantly. A water sample was collected during this event and
was sent to a laboratory for DO and dissolved CO, analyses (see Table 4 of Appendix M). After
purging the well, the dissolved CO, concentration was 12.8 mg/¢ and the DO concentration was
7.5 mg/{ according to laboratory results. The laboratory DO result did not agree with the field
DO measurement, indicating a possible field instrument malfunction. The presence of dissolved

CQO, indicates the presence of microbial activity.

Beginning with the DO reading taken October 27, 1998, and including all subsequent readings,
the well was purged prior to taking the reading. This serves to provide a sample which is more
representative of the conditions in the treatment zone surrounding well WT-14A, rather than

being affected by microbial activity within the well bore itself. Measurements taken in this
manner have generally shown DO levels in excess of the target level and ranged from 4.6 mg// to
greater than 20 mg/¢. Tt is deemed likely that DO levels have been maintained at or near target

levels throughout the pilot operation, and the low readings in April and May 1998 were not

reflective of conditions within the treatment zone.
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9.6.1.2 Vapor Headspace Monitoring Results

Vapor headspace measurements are shown in Table 3 of Appendix M. Pre-operational readings
of carbon dioxide and methane in the vapor headspace of well WT-14A were non-detectable for
CO, and 0.7% (by volume) CH,. Carbon dioxide levels were highest (0.7%. CO,) in the most
recent reading on December 10, 1998. Methane levels have ranged from non-detectable to 0.7%
CH, with no detectable methane in the most recent reading on December 10, 1998. VOC
concentrations in the well headspace have generally decreased from 150 parts per million by

volume (ppmyv) to non-detectable levels.

9.6.1.3 pH Monitoring Results and Nutrient Analyses

The pH, as measured with field instrumentation, has averaged approximately 7.52 standard units
(Table 2 of Appendix M) with a high of 8.74. Laboratory analysis results for pH range between
6.70 to 7.83 (Table 4 of Appendix M). Slightly caustic conditions could inhibit biological
activity, although dissolved oxygen utilization observed in WT-14A does not suggest this is the

casc.

Nutrient analyses performed on WT-14A are summarized in Table 13. Laboratory results
indicated that nutrients are not a limiting factor for biodegradation. This assumption is based on
the detectable presence of all nutrient analytes of concern. Efficiency of biodegradation may be

enhanced, however, by increased availability of nutrients.

9.6.1.4 BOD and COD Analyses

Results of biological oxygen demand (BOD) and chemical oxygen demand (COD) analyses that
were performed on WT-14A and WT-13A (located approximately 440 feet southwest of WT-
14A) on September 26, 1997 are summarized in Table 4 of Appendix M. The BOD and COD
were low: 2 to 18 mg/¢, and 29 to 130 mg//, respectively. Recent BOD and COD analyses have

not been performed.

The BOD results estimate the oxygen demand exerted by bacteria to aerobically degrade and
biodegradable contaminants and/or constituents in the Site ground water. The COD indicates the

oxygen demand via chemical oxidization of contaminants an/or constituents in the Site ground

ROUX ASSOCIATES INC 68 S006619.J08.56



water. COD includes those contaminants/constituents that are not readily biodegradable, are
only partly biodegradable, or may inhibit biological activity (i.e., components that would not be
oxidized via biological reactions). The results showed that in both wells sampled, the COD is
greater than the BOD. Theoretically, the difference in oxygen demand between COD and BOD
concentrations is due to either the recalcitrant nature of the particular constituents of concern, or
there are other constituents in the ground water that exert a chemical oxygen demand. This also
may indicate that there is a potential for oxygen utilization in the Site ground water by non-
biological processes (e.g., iron oxidation, etc.). However, based on dissolved oxygen levels
measured at WT-14A, dissolved oxygen did not appear to be limiting oxidation processes

(biological and/or chemical).

9.6.1.5 Ground-Water Monitoring

Table 12 summarizes the total SVOC and benzene concentrations measured in wells WT-13A,
WT-14A, WT-15A, and TD-5 during quarterly monitoring events. As shown in the trend graphs
in Appendix N, the overall trend in WT-14A, since startup of the system, indicates a general
decrease 1n total SVOC and benzene concentrations, except for an increase in the second quarter
1997 concentrations. This trend could be an annual event based on the small increase in ground-
water concentrations as observed during the second quarter 1998 sampling results, followed by a

decrease in the third and fourth quarter 1998 results.

Some individual constituents of concern concentrations have continued to fluctuate over the
operational period as presented in Table 13, as well as the trend graphs in Appendix N. The
ground-water constituents phenol, 2,4-dimethylphencl, 2,4-dichlorophenol, 4-chloro-3-
methylphenol, 2.4,6-trichlorophenol, o-, m- & p-cresol, and benzene have historically been
detected in the water at WT-14A, prior to the Field Demonstration start-up. Note that the more
readily degradable constituents of concern (including phenol, o-, & p-cresols) decreased in

concentration more guickly than some of the more recalcitrant constituents (e.g., benzene).
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9.6.2 Performance Evaluation
In reviewing the performance of the biosparging operation, an evaluation of DO versus
concentration and ground-water elevation versus concentration trends was performed. Each of

these areas are discussed in the following sections.

9.6.2.1 Dissolved Oxygen Trends Versus Constituents of Concern Concentrations

The changes in total SVOC and benzene concentrations are compared to dissolved oxygen trends
in Figure 1 of Appendix M. Fluctuations in oxygen concentrations are likely due to several
factors, including fluctuations in ground-water elevation (i.e., dilution effects), adjustments of the
oxygen injection rates, and oxygen utilization. As seen in the figure, dissolved oxygen
concentrations remained relatively elevated until April, 1998 (approximately 450 days of
operation). It appeared that the well bore had become blocked and well recharge with
oxygenated water was slow. After pumping the well, the dissolved oxygen levels increased to
expected levels, indicating that the dissolved oxygen was elevated within the surrounding

{reatment area.

Dissolved oxygen concentrations were observed to decrease sharply following pumping at well
WT-14A on Apnl 27, 1998. Based on the rapid depletion of oxygen within the well observed
over the following 24 hours, it appeared that biological activity is occurring and that the oxygen
utilization rate was significant. Elevated dissolved CO, levels detected within the ground water
also strongly suggest that bioactivity was indeed occurring. However, insufficient data were

available to estimate the biodegradation rate within the treatment zone.

9.6.2.2 Ground-Water Elevation Trends Versus Constituent

The changes in the total SVOCs and benzene concentrations are compared to the ground-water
elevation trends in Appendix N. As shown in the well WT-14A graphs in Appendix N, the total
ground-water concentrations appear to increase as the ground-water elevations increased to
approximately 570 to 572 feet mean sea level (MSL). When seasonal water table elevations

decrease below approximately 568 feet MSL, ground-water concentrations appear to decline.
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Well WT-14A is screened across a fill layer containing sand, silt, and clay from approximately
567 to 575 feet MSL and silt/clay layer from approximately 557 to 567 feet MSL. When the
ground-water table elevations rise into the fill layer, total SVOCs and benzene concentrations
tend to increase. This may indicate that the source of ground-water contamination is confined to
the fill layer, and as a result, ground-water quality is only impacted during periods of high water

table elevations.

9.6.2.3 Preliminary Conclusions

Based on results to date, biological activity has occurred within the treatment area although a
residual source of ground-water impact may be confined in the fill layer. Fluctuations in ground-
water quality occur primarily during periods of higher water table elevations, presumably when
water is in contact with the impacted soils in the fill layer. According to the trend graph in
Appendix N, overall ground-water concentrations have declined, except for seasonal fluctuations.

Continued monitoring will help to confirm these preliminary observations.

No constituents of concern currently exceed permit-specified limits as of December 4, 1998.
Some constituents of concern historically have fluctuated above and below the permit-specified
limits including 2,4,6-trimethylphenol, m & p-cresols, and 2, 4, 6 - trichlorophenol. As was
observed in 1997, concentrations again declined over the September and December 1998 quarters

(due to ground-water fluctuations and continued biodegradation).

9.7 Recommendations

Currently, no constituents of concern are in exceedance of the permit-specified limits. Ground-
water monitoring results from the second 1998 quarter indicated a slight increasing trend in
ground-water concentrations, however, recent data from the third and fourth quarter 1998 have
shown continued decreasing concentrations. As such, since concentrations of contaminants local
to WT-14A have leveled off (no significant increases or decreases are noted and are currently
non-detect), it is proposed that the injection of oxygen be discontinued to evaluate any rebound
effects which may be associated with elimination of biosparging in this area. If it is determined
that continued biosparging in the WT-14A area is not providing a net positive long term affect,

then a decision to discontinue active treatment permanently will be made. The discontinuation of
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active biosparging will be made if it 1s determined that active biosparging is not resulting in a
statistically significant decrease in overall concentrations in the area beyond what has already
occurred. As the site-specific risk assessment has demonstrated no risk to receptors based on the
low levels present, than future corrective measures other than long-term monitoring will not be

proposed as part of final corrective measures.
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10.0 BASIN A3 AND SURGE BASIN STABILIZATION

10.1 Objective

The objective of Basin A3/Digester and Surge Basin stabilization was to minimize the infiltration
of storm water through any residual chemical constituents which may be present in soils or
sediments underlying the basins. As noted below and in Sections 2.3.2.4 and 2.3.2.5, Basin
A3/Digester and the Surge Basin had previously been clean closed under RCRA Interim Status,
and subsequently used only for non-hazardous wastewater service. As such, the primary
remaining objective was to physically stabilize non-hazardous sediments and backfill and

regrade the basin area.

10.2 Description of Previous Stabilization Activities

RCRA closure activities for the limestone bed and equalization, surge, and emergency basins at
the site were completed in 1986 and 1987. At that time, the facility had interim status under
RCRA, and both the Part A and Part B permit applications included the referenced basins. As
described in the RFI/SCMP Addendum (August 7, 1995), wastes managed in the basins were
characteristically hazardous solely due to the characteristic of corrosivity. Therefore, as
described in the RF/SCMP Addendum, clean closure was achieved through pH adjustment of
residues within the basins until post-closure testing demonstrated that the residues no longer
exhibited the characteristic of corrosivity. Portions of the basin system were backfilled at that

time, while others were subsequently used for non-hazardous wastewater service.

10.3 Description of Recent Stabilization Measures -

Recent stabilization measures conducted during 1996 and 1997 involved the physical
stabilization of residues and soils contained within the basins and backfilling/regrading of the
former basin areas. These stabilization measures comprise the final soil stabilization measures
for these units, and ground-water monitoring of these closed basins is included in the site-wide

ground-water monitoring network.
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10.4 Field Implementation of Closure
Field closure activities were conducted by Sevenson Environmental Services, Inc. (Sevenson).
Terradon Corporation and, later, Potesta & Associates provided field oversight and QA/QC

services. Field closure activities consisted of the following tasks:

e stabilization design mix testing;

e in-situ stabilization;

= post-stabilization compressive strength testing;

o regrading of stabilized material,

o placement of soil backfill and soil cover;

» excavation of a stormwater drainage channel to the Kanawha River (Basin A3); and

e revegetation of the former basin areas and soil borrow area.

10.4.1 Basin A3/Digester Stabilization

Prior to mobilization to begin stabilization of the on-site basins, Potesta & Associates obtained
all necessary Federal and State permits for performing stabilization activities including National
Pollutant Discharge Elimination System (NPDES) construction permits and United State Army
Corp of Engineers (USACOE) permits for the Basin A3 drainage swale, in addition to WVDEP

air permits for particulate generation during stabilization efforts.

10.4.1.1 Mobilization

Sevenson mobilized to the FLEXSYS Plant the first week of September 1996. Sevenson
mobilized the following heavy equipment to the site: one Caterpillar DZSC‘Dump Truck, one
Moxy 6200X Dump Truck, one Caterpiliar D68E Bulldozer, one Volvo BM L-150 Rubber-Tired
Loader, one Ingersoll Rand Spf-56 Compactor, one Komatsu Pc-220-L3 Backhoe, and two
Komatsu Pc-220-LC3 Backhoes. FLEXSYS provided a portable building to serve as a guard
house and supplied a guard for the WTP gate to be used by Sevenson employees and for

construction deliveries.
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10.4.1.2 Stabilization Efforts

Construction commenced on September 4, 1996 consisting of improving roadways, draining
impounded water from the Basin A3, stockpiling soil in the borrow area and constructing earthen
berms for reagent storage. The reagent bins were large enough that tractor trailer pneumatic
tanker trucks could back into them to discharge their load. Each bin could hold approximately
ten tanker loads of reagent. The bins were covered by plastic sheeting to control dust during

unloading and to protect the reagent from precipitation.

Samples from the Basin A3 were obtained and analyzed for VOCs and SVOCs in support of
preparing a final mix design for the stabilization. Sample results of the sludge were essentially
non-detect for all compounds analyzed with less than 1 mg/kg of total VOCs/SVOCs present in
the sludge. On September 11, 1996, Sevenson began stabilization of sludge in the northwest
commer of the Basin A3. Two backhoes were used to stabilize sludge while the third loaded soil
into trucks in the borrow area. The backhoe operator would create a mixing pit by building a
semi-circular soil dike in front of this backhoe and then mix two parts sludge to two parts soil to
one part lime kiln dust (LKD) in the pit. The operation would then advance by the backhoe

occupying a location on top of the previously stabilized material to mix another batch.

An alternate method involved placing the stabilized material behind the backhoe and completing
sludge stabilization by bailing sludge into the mixing pit. The sludge would periodically build
up in “waves” in front of the mixing pits. When those occurred, the same pits would be used to
mix numerous batches of sludge until the “wave” receded. As stabilization moved along the
northern bank of the Basin A3, LKD and soil were stockpiled on previously stabilized material.
Doing so reduced the tram distance of the loader, which supplied both soil and LKD to the

mixing pits.

On October 15, 1996, representatives from the Office of Air Quality, West Virginia Division of
Environmental Protection visited the site in accordance with the air permit obtained for site
activities. A work plan was created to reduce the dust by watering the roads, mimimizing loader
speed and tram distance of LKD, reducing off-loading pressure of LKD from trucks, and
reducing drop height of LKD by backhoes during mixing. On November 1, 1996, pipe, steel and
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concrete construction and demolition material {(C&D material) was discovered in the northwest
comer of the soil borrow area, and the limits of the soil borrow area were adjusted to the

northwest.

On November 6, 1996, one load of Magnalime was received in a trailer dump truck on a trial
basis. The truck was unloaded in an LKD bin and created very little dust due to its larger particle
size and higher lime content than the LKD. Unloading was also faster. It was decided to use as
much magnalime as was available to augment the LKD. To increase productivity, a number of
measures were implemented. A third backhoe was put in the basin to stabilize sludge. When
needed, it would move back into the soil borrow area to load soil. Light plants were employed
the first week of December around the basin to allow for longer work days and an LKD bin was
built in the basin to reduce tram distance. Upon completion of stabilization efforts,
permeabilities of the stabilized matrix were designed to be in the 10 to 107 cm/sec range, thus,

prohibiting infiltration through the stabilized matrix.

Digester

In early December, the inactive digester bottom was sounded, sludge volume was calculated and
samples were taken. The analytical results were similar to those from the Basin A3, and the
digester closure was put out to bid. Bid documents were the same technical specifications used
for A3 and drawings showing the anticipated sludge configuration. Sevenson was awarded the
contract. The soil needed for stabilization and backfill came from a drainage channel excavation
through the soil borrow area that would drain the completed and covered Basin A3 area to the
Kanawha River. The stabilized material was placed in the western half of-the Basin A3 and
graded to allow surface-water drainage. The inactive digester was backfilled with compacted

soil from the borrow area.

In early January 1997, excavation of the drainage ditch from the Basin A3 to the Kanawha River
was started in accordance with previously obtained permits. The ditch was 100 feet wide at the
river and became narrower towards the basin depending on how much soil was needed for the
digester. Soil was also needed to cover the rubble area in the soil borrow area and for cover in

the Basin A3. On January 20, 1997, Sevenson began placing soil cover in the Basin A3 to a
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minimum thickness of 12 inches. On January 24, 1997, the Basin A3 and digester stabilization

was completed.

On April 30, 1997 and May 1, 1997, the site was limed, fertilized, disked and hydroseeded. The
site was wet and some ruts were created by the hydroseed trucks. Upon completion of
hydroseeding, caution flagging was put up to keep vehicles out of the area. The plant roads
adjacent to the site were swept and potholes were packed with gravel. The last job trailer was

picked up and an audit of Sevenson’s performance was completed May 5, 1997 by Solutia.

10.4.2 Surge Basin Stabilization

Stabilization of the Surge Basin was completed in May 1998 by Enreco/Williams Environmental.
The sludge stabilization was performed in a similar manner to that which had been successfully
used for the Basin A3. One significant difference was the use of the Enreco injector fork mix
technology. This method uses a backhoe bucket filled with injection tubes in order to directly
blow in stabihization reagents beneath the sludge surface during mixing. This method helps
reduce dust and ensures an even mix. The western berm of the former basin was used as the
source of cover soil for the completed basin closure. Revegetation then proceed as previously
described in the Basin A3 closure with similar stabilized permeabilities present in the stabilized

maftrix.

10.5 Closure Certification

RCRA clean closure certifications were submitted at the time of the 1986-87 basin closures, and
copies of the certifications were provided as attachments to the RFI/SCMP Addendum. A copy
of the as-built topographic plan of the basin backfilling/regrading corrective measures is

provided as Plate 1.

10.6 Post-Closure Care
The only post-closure care required for the former basins is the maintenance of the vegetative
cover. There are no mechanical/structural systems to maintain, and ground-water monitoring is

conducted as part of the site-wide monitoring network.
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Table 1. Site Monitoring and Extraction Well Summary Table. Solutia, Inc., Nitro, West Virginia.

Page 1 of 2

Diameter Top-of- Ground Depth to Ground-Water
Well Total Depth  Screen Setting (inches) State Plane Coordinates (ft) Casing Surface Water (ft.) on Elevation (ft.) on
Designation Installation Date Location (ft) (f Casing Northing Easting Elevation (ft.) Elevation (ft.) 9/20/94 9/20/94
Waste Treatment Area
TB-1 9/14/81 2,4,5-T Building 32 27-32 2 527,385.70 1,760,123.61 593.07 5914 25.21 567.86
TR-3 9/16/81 2,4,5-T Building 32 27-32 2" 527,424.48 1,760,030.87 592.9 591.8 26.18 566.72
TD-1 NA 2,4,5-T Building 32 27-32 2" 527,471.32 1,760,182.10 592.2 590.4 24.72 567.48
TD-3 NA 2.4,5-T Building 30 27-30 A 527,518.22 1,760,073.84 590.92 589.5 24.4 566.52
TD-5 NA 2,4,5-T Building 30 25-30 ra 527,538.36 1,759,999,72 589.49 588.4 2298 566.51
WT-1(1) 2/4/92 Emergency Basin 335 13.5-33.5 4 526,771.35 1,760,979.93 590.33 588.6 18.55 571.78
WT-2 9/1/81 Emergency Basin 535 16.5-53.3 4" 526,294.56 1,760,733.01 590.13 588.4 17.57 572.56
WT-3 9/84/81 Surge Basin 55 15-55 4" 527,002.78 1,760,209.42 590.67 589.6 18.76 571.91
WT-4A 9/14/81 Limestone Bed 40 25-40 4" 527,385.69 1,760,258.72 591.82 590.4 21.8] 570.01
WT-4B 9/4/81 Limestone Bed 58 41-58 4" 527,377.13 1,760,255.20 592.06 590.5 2386 568.2
WT-5A 9/12/81 Digester 43 28-43 4" 572,732.59 1,760,459.29 589.99 588.8 23.33 566.66
WT-5B 9/12/81 Digester 58 43-58 4" 527,724.96 1,760,450.85 589.93 588.7 22.94 566.99
WT-6 9/3/81 Digester 53 18-53 4" 527,586.80 1,760,709.73 589.09 587.5 18.18 57091
WT-TA 11/28/85 Activaled Sludge Basin 41.5 21.5-41.5 2" 527,588.94 1,760,101.49 589.25 587.5 22.72 566.53
wWT-7B 11/28/85 Activated Sludge Basin 50.6 41.5-56.5 2" 527,602.11 1,760,121.61 580.16 587.4 22 8t 566.35
WT-7C 11/28/85 Activaled Sludge Basin 73 62-72 2" 527,599.91 1,760,119.55 589.12 587.3 22.68 5606.44
WT-8A 12/4/85 Polishing Basin 39 19-39 2" 527,736.75 1,761,254.41 589.42 587.6 19.25 570.17
WT-3B 12/4/85 Polishing Basin 52 37-52 2" 527,732.57 1,761,255.87 589.31 587.4 19.08 570.23
WT-8C 12/4/85 Polishing Basin 70 60-70 " 527,728.43 1,761,258.20 587.13 586.6 16.62 570.51
WT-9A(1) 2/5/92 Emergency Basin 50 30-50 4" 526,938.14 1,760,750.51 599.71 598 27.98 571.73
WT-9B(1) 2/5/92 Emergency Basin 68.5 48.5-68.5 4" 526,941.59 1,760,744.01 598.61 596.6 28.36 570.25
WT-9C(1) 2/6/92 Emergency Basin 80 72-80 4" 526,944.93 1,760,736.58 599.53 598 27.88 571.65
WT-10A 1/15/85 Upgradient 39 19-39 2" 526,337.47 1,760,619.82 590.13 588.4 17.64 572.49
WT-10B 1/15/85 Upgradient 54 39-54 " 526,339.45 1,760,615.98 590.09 588.4 17.6 572.49
WT-10C 1/15/85 Upgradient 70 60-70 2" 526,341.58 1,760,611.89 590.3 588.6 17.76 572.54
WT-11A 1/23/85 Off-Site 42 22-42 2 526,964.40 1,761,221.25 588.6 588.9 17.11 571.49
WT-11B 1/23/85 Off-Site 54 39-54 2 526,966.51 1,761,215.92 588.47 588.8 17.21 571.26
WT-11C 1/23/85 Off-Site 74 64-74 2 526,969.03 1,761,211.45 588.27 588.6 16.98 571.29
WT-13A 8/28/94 City of Nitro Dump 34 [4-34 4" 527,212.70 1,759,435.46 590.82 589.1 24.51 566.31
WT-14A 8/27/94 City of Nitro Dump 40 15-35 4 527,368.89 1,759,863.07 593.57 5919 26.06 567.51
WT-15A 8/27/94 City of Nitro Dump 24 9-24 4" 526,862.43 1,759,788.61 589.08 587.4 9.65 57943
Process Area
MW-1A 9/8/83 Upgradient 32 20-30 " 523,682.79 1,758,656.75 594.37 592.5 18.97 575.4"
MW-1B 1/2/85 Upgradient 55 40-55 2" 523,677.68 1,758,654.66 594.38 592.5 19.07 575.31
MW-2A 9/9/83 FMC Boundary 32 20-30 2" 523,985.28 1,757,719.85 592.6 591.2 19 5736
MW-2B 1/14/85 FMC Boundary 55 40-55 2" 523,983.89 1,757,724.14 592.84 591.1 19.41 573.43
MW-3A 9/9/83 Riverfront 35 25-35 2 524,399.80 1,757,078.36 598.85 597.2 285 570.35
MW-3B 12/20/84 Riverfront 61 46-61 2" 524,405.89 1,757,080.05 599.24 597.2 28.59 570.65
MW-4A 9/12/83 Riverfront 38 27.5-37.5 2" 524,730.40 1,757,237.59 598.56 596.4 27.33 571.23
MW-4B NA Riverfront 61.5 41.5-61.5 4" §524,725.90 1,757,235.40 598.05 596.3 26.76 571.29
MW-5A 8/31/83 Riverfront 13 23-33 2" 525,290.85 1,757,548.36 594.65 5933 25.58 569.07
MW-5B NA Riverfront 56 41-56 ba 525,293.92 1,757,544.43 594.91 593 25.76 569.15
MW-6A 9/1/83 Past Disposal Arca 30 20-30 2 525,706.25 1,757,858.98 591.39 590 24.65 566.74
MW-6B 12/17/84 Past Disposal Area 58 43-58 2" 525,705.00 1,757,853.23 592.76 591 2332 569.43
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Table 1. Site Monitoring and Extraction Well Summary Table. Solutia, Inc., Nitro, West Virginia.

Page 2 of 2

Diameter Top-of- Ground Depth to Ground-Water
Well Total Depth  Screen Setting (inches) State Plane Coordinates (ft) Casing Surface Water (It.) on Elevation (fi.) on
Designation Installation Date Location {ft) (It) Casing Neorthing Easting Elevation (ft.) Elevation (ft.) 9/20/94 9/20/94
MW-7 10/1/83 Past Disposal Area 30 20-30 2" 526,267.61 1,758,312.17 594.03 592.5 26.89 5607.14
MW.-8 9/1/83 Past Disposal Area 30 20-30 2" 525,618.70 1,758,192.64 588.3 586.7 19.85 568.45
MW-10 9/7/83 Process Area 205 17-27 2" 524,351.11 1,758,124.90 590.2 588.3 16.43 573.77
MW-11A 0/6/83 Upgradient 3t 19-29 2* 524,491.39 1,758,970.37 591.13 5894 16.67 574.46
MW-11B 9/6/83 Upgradient NA 38-48 2" 524,488.69 1,758,968.99 591.01 589.6 16.56 574.45
MW-12 9/7/83 Process Arca 29.5 18-28 2 524,562.91 1,758,459.94 589.8 5884 15.6 574.2
MW-13 9/13/383 Process Area 29 18-28 2 523,940.91 1,758,479.24 590.84 589.2 15.3 575.54
MW-14 9/2/83 Process Area 29 18-28 2" 525,369.74 1,758,627.78 589.53 588 15.93 573.6
MW-15 9/2/83 Process Area NA 10-20 2" 525,001.40 1,759,i81.38 588.09 586.3 13.92 574.17
MW-17A 1/31/85 FMC Boundary 40 30-40 ba 523,820.34 1,758,152.95 591.53 580.9 17.4 574.13
MW-17B 2/4/85 FMC Boundary 56 36-56 4" 523,822 81 1,758,146.49 591.85 590.4 17.66 574.19
MW-18A 2/5/85 FMC Boundary 40 30-40 " 524,080.27 1,757,438.28 593.2 591.3 21.03 572.17
MW-18B 2/5/85 FMC Boundary 55 40-55 2" 524,083.03 1,757,433.50 592.59 590.7 20.33 572.26
MW-194 1/2/85 Process Arca 40 30-40 2 524,570.10 1,757,130.91 597.58 5957 28.88 568.7
MW-198 1/2/85 Process Area 62 47-62 2" 524,575.05 1,757,132.68 598.17 597 27.17 571
MW-20A 1/29/85 Riverfront 40 30-40 2" 525,073.89 1,757,371.43 596.71 5049 27.38 569.33
MW-208 1/29/85 Riverfront 57 42-57 2" 525,087.71 1,757,347.47 596.76 594.8 27.22 569.54
MW-21A 1/10/85 Riverfront 40 30-40 2" 525,486.77 1,757,666.51 592.65 591.7 25.05 567.6
MW-2IB 1/11/85 Riverfront 58 43-58 b 525,490.68 1,757,669.51 594.07 5024 25.43 568.64
MW-22R 8/26/94 Past Disposat Arca 40 18-38 4" 525,893.64 1,757,941.10 596.53 594 28.99 567.54
MW-23A 8/24/94 IFMC Boundary 35 19.8-34.8 4" 524,252.90 1,757,009.16 598.82 597.3 28.28 570.54
MW-24A 8/25/94 Niran Residue Pit 35 15-35 4 525,618.99 1,757,812.17 594.58 592.1 26.12 568.46
EW-1 12/7/95 LNAPL Area 57 16.8-56.8 6" 526,322.18 1,758,336.40 593.79 592.69 NA NA
EW-2 12/4/95 LLNAPL Area 57.5 12-37.3 6" 526,275.04 1,758,310.64 593.6 592.38 NA NA
EW-3 11/27/95 LNAPL Area 59 16.9-56.6 [ 526,246.24 1,758,269.98 593.7 592.9 NA NA
EW-4 12/4/95 LNAPL Area 575 17-56.5 6" 526,214.59 1,758,303.85 5929 592.3 NA NA
EW-5A 9/19/96 TCE Hot Spot 41.95 20.95-41.95 6" 525,611.35 1,757,754.04 NA NA NA NA
EW-5B NA TCE Hot Spot 56.87 41.87-56.87 o" 525,602.20 1,757,751.73 NA NA NA NA
EW-6A 9/9/96 TCE Hot Spot 40.76 25.76-40.76 6" 525,286.86 1,757,556.32 NA NA NA NA
EW-6B 9/11/96 TCE Hot Spot 584 43.40-58.40 6" 525,276.78 1,757,551.57 NA NA NA NA
EW-7A NA TCE Hot Spot 40.1 25.10-40.10 6" 525,150.42 1,757,427.00 NA NA NA NA
EW-7B 9/3/96 TCE Hot Spot 57.38 42.38-57.38 6" 525,145.89 1,757,431.40 NA NA NA NA
EwW-8 8/29/96 TCE Hot Spot 40.4 25.40-40.40 6" 524,260.11 1,757,012.11 NA NA NA NA
Wl NA LNAPL Area 42.67 NA 8" 526,291.52 1,758,300.27 594.96 NA NA NA
R-1 NA LNAPL Area 49.93 NA 4" 526,252.91 1,758,366.40 592.94 NA NA NA
R-2 NA LNAPL Area NA NA 4" 526,250.00 1,758,305.26 592,92 NA NA NA
B-1 NA LNAPL Area 35,38 NA 2" 526,335.91 1,758,341.17 594.98 NA NA NA
B-2 NA LNAPL Area 32.15 NA 2" 526,210.18 1,758,317.14 592.87 NA NA NA
B-3 NA LNAPL Area 33.19 NA 2" 526,241.85 1,758,257.24 595.14 NA NA NA
B-4 NA LNAPL Area 32 NA 2" 526,275.05 1,758,327.29 593.82 NA NA NA
B-5 NA LNAPL Area 14.45 NA 2 526,334.45 1,758,214.71 578.92 NA NA NA
B-6 NA LNAPL Area 11.89 NA 2" 526,374.51 1,758,247.02 575.66 NA NA NA
B-7 NA LNAPL Area 14.42 NA 2" 526,421.95 1,758,285.49 577.37 NA NA NA
B-8A 11/28/95 LNAPL Area 42.67 26.3-41.3 4" 526,546.10 1,758,537.77 595.64 NA NA NA
B-88B 12/13/95 LNAPL Area 59.5 40.0-60.0 4" 526,538.08 1,758,530.89 595.69 NA NA NA
B-9 11/28/95 LNAPL Area 33.07 36.2-42.1 4" 526,791.66 1,758,797.53 594.23 NA NA NA
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Table 2. Predicted Surface-Water Concentration of Select Constituents for TCE Hot Spot and Past Disposal Areas.

Solutia, Inc., Nitro, West Virginia, Page 1 of 1
Identified Chemicals of AWQC or WV Water
Potentizl Concern TCE Hot Spot Past Disposal Area Quality’
VOCs

Chlorinated Ethenes & Ethanes
1,1-Dichloroethene 2.18E-03 3.87E-04 1.9
Tetrachloroethene 2.57E-03 3.88E-04 g9
Trichloroethene 2.03E-01 5.06E-02 92
1,1-Dichloroethane 4.27E-03 3.87E-04 NS
Aromatics
Benzene 1.89E-03 7.34E-03 40
Chlorinated Methanes
Carbon Tetrachloride 5.90E-03 1.27E-03 44
Miscellaneous
1,2-Dichloropropane 1.40E-03 1.39E-03 NS
BN/AE
Phthalates
Bis (2-ethylhexyl) phthalate 2.73E-03 1.84E-03 3
Metals
Cadmium 6.04E-06 4.59E-06 0.0011
Chromium 6.55E-06 1.54E-06 0.01
Copper 6.95E-06 1.31E-G6 0.0055
Lead 6.43E-06 3 42E-07 0.001

Concentrations in micrograms per liter (ng/¢) for VOCs and the SVOCs, in milligrams per liter (mg/#) for metals.

NS = Limit not specified.

Refer to Appendix C for calculations.

'"Water quality criteria based on more stringent of the Class B use as specified in the West Virginia Water Quality Standards, amended
July 1, 1994, and Ambient Water Quality Standards, as developed in the risk evaluation.
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Table 3. Predicted Surface-Water Concentrations for YOC, BN/AE, and Metal Anzalytes for Nitro Dump and

Northern Waste Treatment Area. Solutia, Inc., Nitro, West Virginia. Page ! of 1
Identified Chemicals of Northern Waste AWQC or WV Water
Potential Concern Nitro Dump Treatment Area Quality'
vVOCs

Arematics
Benzene 3.10E-04 1.41E-03 40
Chlorinated Methanes
Chloromethane 1.48E-04 1.83E-04 16
Chlorinated Benzenes
Chlorcbenzene 4.68E-05 1.86E-03 50
Miscellaneous
1,2-Dichloropropane 4.46E-05 9.81E-05 NS
BN/AE
Phenols
4-Chloro-3-methylphenol 2.10E-04 1.83E-04 NS
2-Methylphenol 3.43E-04 1.83E-04 NS
3- and 4-Methylphenol 5.21E-03 2.26E-04 2,560
NitroPhenols
4-Nitrophenol 4.36E-04 9.27E-04 NS
2-Nitrophenol 8.71E-05 2.10E-04 NS
4,6-Dinitro-2-methylphenol 4.36E-04 9.14E-04 NS
Metals
Cadmium 8.71E-08 2.05E-07 0.0011
Chromium 1.81E-07 2.35E-06 0.01
Copper 1.96E-05 3.14E-06 0.0065
Lead 5.30E-08 3.55E-06 0.001
Mercury 2.50E-09 3.65E-09 0.000012

Concentrations in micrograms per liter (pg/¢) for VOCs and the SVOCs, in milligrams per liter (mg/¢) for metals.

Refer to Appendix C for calculations.

NS = Limit not specified.

'Water quality criteria based on meore stringent of the Class B use as specified in the West Virginia Water Quality Standards, amended
Juiy 1, 1994 and Ambient Water Quality Standards, as developed in the risk evaluation.
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Page 1 of 1
Table 4. Summary of Estimated Ecological Hazard Quotients (HQgs) for Site-Related Concentrations of Chemicals. Solutia, Inc., Nitro, West Virginia.

Estimated Chemical Concentration in River {(ug/L) Applicable Water Ecological HQ (HQg) for Aquatic Organisms in
Using Site Ground-Water Concentration in: Quality Standard (ug/L) River Using Estimations in Ground Water from:
Chemical Process Area Waste Treatment Area "Ecological RID" Process Area Waste Treatment Area
(PAy (WT) (WQS) (PA) WT)
(a) (b) (c) (d) C)]
Volatile Organie Compounds
Benzene 7.3E-3 1.4E-3 4.0E+1 1] 1.8E-4 3.5E-5
Carbon Tetrachloride 6.4E-3 4 4E+) [ 1.5E-3 .-
Chlorobenzene - 2.0E-3 5.0E+1 1) 4.0E-5
Chloromethane 1.8E-4 1.GE+1 [ 1.2E-5
1,1-Dichloroethane 4.9E-3 1.5E+3 12} 3.3E-6
1,1-Dichloroethene 3.0E-3 .- 1.9E+0 [} 1.6E-3 .-
1,2-Dichloropropane 24E-3 9.BE-5 2.1E+4 [3] 1.1E-7 4.7E-9
Tetrachioroethene 3.3E-3 8.9E+0 {11 3.7E-4 -
Trichloroethene 2.0E-1 9.2E+1 12 21E-3 .-
BN/AE Compounds
Bis(2-ethylhexyl)phthalate 2.7E-3 - 3.0E+0 1 9.1E4 =
2-Methylphenol e- 3.4E-4 4.9E+1 {2} - 7.0E-6
3-Methyltphenal 5.2E-3 4.9E+1 27 1.1E-4
4-Methylphenol 5.2E-3 1.4E+3 37 3.7E-6
2-Nitrophenol ; 2.2E-4 7.3E+3 f37 “e 3.1E-8
4-Nitrophenol 9.3E-4 4.8E+1 2] - 1.9E-5
4-Chloro-3-methylphenol - 2.1E-4 3.7E+2 {37 - 5.7E-7
4,6-Dinitro-2-Methylphenol - 9.1E-4 6.1E+1 f3j 1.5E-5
Metals
Cadmium 6.0E-3 2.1E-4 LIE+} fti 5.5E-3 1.9E-4
Chromium 6.6E-3 24E-3 1.0E+1 1] 6.6E-4 24E-4
Copper 6.4E-3 2.0E-2 6.5E+0 2] 9.9E-4 3.0E-3
Lead 6.6E-3 3.6E-3 1.0EH) 1 6.6E-3 3.6E-3
Mercury - 3.7E-6 1.2E-3 [ -~ 3.0E-3
Hazard Index (HI) is . HQs = 2.0E-2 1.0E-2
Notes:

--- Indicates compound was not a chemical of potential concern in given area.

(a) Concentrations estimated from model for TCE Hot Spot Area (PA)

(b) Concentrations estimated from model for Northem Waste Treatment Area (WT).

(c) Water Quality Standards (WQS8). {1]: Concentration is the lesser concentration of either Ambient Water Quality Criteria (AWQC) for freshwater organisms or WV Water Quality Standards.
[2]: Estimated lowest chronic valug for fish from Suter and Mabrey (1994) in conjunction with safety factor of 10. 2-Methylphenol used as surrogate for 3-methylphenol.
[3): Value obtained from 96 hour LCsg in ACQUIRE database (Tables 27 through 31) in conjunction with safety factor of 10.

(d) Ecological hazard quotient (HQg) equals concentration divided by "ecological™ RfD which is water quality standard. HQg = PA / WQS or HQg = WT/ WQS.
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Table 5. Summary of all Incremental Lifetime Cancer Risks (ILCRs) for the Carcinogenic Constituents of Potential Concern. Solutia, Inc., Nitro, West

Virginia.

Page 1 of 1

Expaosure to Surface Water

Ingestion of Fish

Adjacent to
Process Area

Adjacent to
Waste Treatment Area

Adjacent to
Process Area

Adjacent to
Waste Treatment Area

Adults Children Adults Children Adults Children Adults Children

Chemical (a) (b} {c) (d) (e) H (g) (h)
Yolatile Organic Compounds

Benzene 2.1E-10 3.8E-10 4.1E-11 7A4E-11 24E-12 2.8E-13 4.7E-13 54E-14

Carbon Tetrachloride 2.0E-10 3.9E-10 — 6.7E-11 7.3E-12 -

Chloromethane 1.6E-13 3.7E-13 1.8E-14 2.1E-15

1,1-Dichloracthene 33E-10 6.4E-10 - 1.2E-10 1.4E-11 -

i,2-Dichloropropane 20E-1 4.1E-11 8.3E-13 1.7E-12 4.3E-12 49E-13 1.8E-13 2.0E-14

Tetrachloroethene 6.8E-10 1.2E-9 - 22E-11 2.6E-12 --

Trichloroethene 43E-9 7.7E-9 9.8E-11 1.1E-11
BN/AE Compounds

Bis(2-cthylhexyl)phthalate 1.3E-11 2.5E-11 1.2E-11 1.3E-12 -

All ILCRs for all scenarios are at Ieast three orders of magnitude below de minimis risks of 1E-6

Notes:

--- Indicates that chemical was not a chemical of potential concern in given area.

(a) From Table 19 (e) From Table 22

(b) From Table 20 (1} From Table 23

{c) From Table 21 {g) From Table 24

(d) From Table 22 (h) From Table 25

MON6619J08 .56
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Page 1 of 1

Table 6. Summary of All Hazard Quotients (HQs) for the Noncarcinogenic Constituents of Potential Concern. Solutia, Ine., Nitro, West Virginia,

NA indicates not applicable since compound does not bioconcentrate,
-—- Indicates that chemical was not a chemical of potential concern in given area.

(&) From Table 19
(b) From Table 20
{c) From Table 21
(d) From Table 22

ROUX ASSOCIATES INC

{(e) From Table 23
{f) From Table 24
(g) From Table 25
(h) From Table 26

Exposure to Surface Water Ingestion of Fish
Adjacent to Adjacent to Adjacent to Adjacent to
Process Area Waste Treatment Area Process Area Waste Treatment Area
Chemical Adults Children Adults Children Adults Children Adults Children
(a) ) (© (d) (¢) 1) (4] (h)
Volatile Organic Compounds
Carbon Tetrachloride 1.2E-4 3.9E-4 - - 1.7E-6 59E-7 - as
Chlorobenzene e 2.3E-6 7.3E-6 - 3.9E-8 1.4E-8
1,1-Dichloroethane 3.0B-7 1.1E-6 4.1E-9 1.4E-9
1,1-Dichlorocthene 3306 1.1E-5 - 5.1E-8 1.8E-8 e
Tetrachloroethene 6.91:-5 2.1E-4 1.0E-7 3.5E-8 -
Trichloroethene 3.5E-3 1.1E-2 - 3.5E-6 1.2E-6 - -
BN/AE Compounds
Bis(2-ethylhexyl)phthalate 2506 8.1L-6 9.6E-8 3.3E-8 -~ ---
2-Methylphenot 8. 1E-8 2.7E-7 7.6E-10 2.7TE-10
3-Methylphenol L.2E-6 4.1E-6 1.3E-8 4.5E-9
4-Methylphenol 1.2E-5 4.1E-5 - 1.2E-7 4.0E-8
4-Nitrophenol 6.8E-8 2.5E-7 -— 7.3E-9 2.5E-9
Metals
Cadmium 24E-5 1.1E-4 B.0E-7 3.7E-6 5.2E-8 1.8E-8 1.7E-9 6.1E-10
Chromium 1.3E-8 5.9E-8 4.6E-9 2.1E-8 24E-11 8.4E-12 8.7E-12 3.0E-12
Copper 3.4E-7 i.6E-6 1.0E-6 4 8E-6 NA NA NA NA
Lead 6.8E-6 3.5E-5 3.6E-6 1.9E-5 2.2E-7 7.6E-8 1.2E-7 4.1E-8
Mercury - 2.4E-8 1.1E-7 - 9.8E-6 34E-6
Hazard Index (HI) is & HQs = 3.7E-3 i.1E-2 2.2E-5 8.0E-5 5.7E-6 2.0E-0 1.0E-5 3.5E-6
Al HQs are at keast two orders of magnitude below target HQ of 1.0E+0,
All HIs are at least two orders of magnitude below target HQ of 1.0E+0.
Notes: ‘
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Page 1 of 1
Table 7. Summary of TCE and Benzene Analytical Results for TCE Hot Spot and Past Disposal Area Quarterly Performance Monitoring. Solutia, Ine., Nitro, West Virginia,

Trichloroethylene

Date MDL 9/20/96 12/6/96 3/3/97 6/17/97 9/9/97 11/20/97 2/18/98 6/25/98 10/6/98 12/4/98
MW-1A 0.005 <0.005 0.06 0.008 <0.005 <(0.005 .006 <0.005 <0.005 <0.005 <0.005
MW-1B 0.005 0.033 0.023 0.01 <0.005 <0.005 <0.005 <0.005 <(.005 <0.005 <0.005
MW-5A 0.005 0.186 1.7 1.45 1.04 0.341 0.797 0.771 0.776 1.67 1.16
MW.-5B 0.005 2.87 3.04 233 1.68 il 344 3.6 1.69 34 3.43
MW-20A 0.005 7.45 7.11 2.05 7.73 2.98 9.18 3.58 0.836 7.04 7.41
MW-20B 0.25 1.18 1.13 1.08 I.18 0.755 1.74 1.33 292 2.81 2.79
MW-22R 0.005 0.012 0.019 0.019 0.005 0.007 0.077 0.020 0.029 0.017 <0.005
MW-23A 0.005 1.47 1.45 1.29 2.52 1.65 2.09 1.49 2.63 1.19 1.67
MW-24A 0.05 0.568 0.657 (.543 0.431 0.593 1.29 2.06 0.102 0.167 0.2
Benzene

Date 9/20/96 12/6/96 3/3/97 6/17/97 9/9/97 11/20/97 2/18/98 6/25/98 10/6/98 12/4/98
MW-7 0.5 303 <0.5 4.19 4.33 21 5.34 1.58 3.03 277 2.99
MW-14 0.005 <{.005 0.001 <0.005 <0.005 <(.005 <0.005 <0.005 <0.005 <0.005 <0.005
MW-22R 0.005 0.15 0.021 0.015 0011 0.009 0.012 0.012 0.007 0.007 <0.005
MW-24A 0.05 0.894 1.08 1.03 0.934 0.987 0.909 1.62 0.342 0.349 0.618

Ground-Water Elevations

Date 9/20/96 12/6/96 3/3/97 6/17/97 9/9/97 11/20/97 2/18/98 6/25/98 10/6/98 12/4/98
MW-1A NA 576.00 576.05 575.89 575.74 575.75 575.00 574.85 575.76 575.09 574.56
MW-1B NA 57591 575.95 575.83 575.68 575.64 574.94 57477 575.66 574.99 574.54
MW-5A NA 569.58 570.23 570.25 569.07 568.36 568.75 567.00 569.51 569.00 568.91
MW-5B NA 569.56 570.22 570.26 569.30 568.45 568.37 566.97 569.60 569.10 569.09
MW-7 NA 566.72 568.28 568.31 565.83 566.11 566.12 567.94 566.59 566.04 567.12
MW-14 NA 574.10 57435 574.27 573.79 573.84 573.19 573.10 573.86 573.24 572.90
MW-20A NA 569.53 570.23 570.26 569.39 568.09 568.47 567.11 569.06 568.53 568.51
MW-20B NA 569.54 570.26 570.29 569.41 567.61 569.20 568.22 569.660 569.13 568.91
MW-22R NA 567.85 569.21 569.23 567.72 567.73 567.88 573.24 568.15 569.21 569.63
MW-23A NA 570.99 371.74 571.75 570.90 570.73 570.48 570.58 571.06 570.00 570.29
MW-24A NA 567.68 569.66 569.68 568.26 568.37 568.38 567.26 568.96 568.36 567.76

Notes:  All units in mg/¢
MDL=Method Detection Lirnit.
Ground water elevations measured in feet above mean sea level.

ROUX ASSOCIATES INC MO0661908.56



Table 8. Ground-Water Elevation and Apparent LNAPL Thickness Measurements for Past Disposal Area Wells.

Solutia, Inc., Nitro, West Virginia.

Page | of 11

Apparent Product Corrected Ground-

Depth to Water  Depth to Produet Thickness Water Elevation Product Elevation
Date (ft. TOC) (ft. TOC) (feet) - (ft. MSL) (ft. MSL)
EW-1
09/12/95 - = = £
07/16/96 = - -- - -
10/07/96 == = = - -
07/10/97 - = - - —
1072897 W 27.98 26.60 1.38 566.89 567.19
11/03/97 28.15 26.65 1.50 566.81 567.14
11/20/97 ¥ 28.00 26.56 1.44 566.91 567.23
12/16/97 9 -- - = = =
01/28/98 1 27.15 26.32 0.83 567.29 567.47
03/02/98 ¥ - = = - -
03/09/98 ® 26.41 ND 0.00 567.38 ND
03/14/98 - - - - -
03/30/98 26.45 ND 0.00 567.34 ND
04/08/98 9 - as = -
04/17/98 @ - - - = =
04/22/98 @ = = - - -
05/04/98 @ -- -- - -
05/26/98 @ - - - - -
06/03/98 @ = s - -
06/25/98 ¥ o -- - - e
07/08/98 @ s T = = --
07/17/98 @ -- - -- = -
08/11/98 @ .- -- - -- -
08/17/98 - - - . -
08/25/98 - - -- . -
09/08/98 - - = - --
09/14/98 - - = =
12/04/98 = = - - =
12/22/98 27.85 26.70 1.15 566.84 567.09
Top of Casing Elev. = 593.79 (ft. MISL)
bbreviations:
ft. TOC = Measured in feet from top of well casing
ft. MSL = Measured in feet above Mean Sea Level
ppm = parts per million
SU = Standard Units
mg/l = milligrams per liter
-- = Not Sampled
ND = Not Detected

= Site Pro Pump Inoperative

@ = Site Pro Pump in well

® = Ferret Passive Pump in Well
ROUX ASSOCIATES INC MOO06619J08.56



Table 8. Ground-Water Elevation and Apparent LNAPL Thickness Measurements for Past Disposal Area Wells.
Solutia, Inc., Nitro, West Virginia,

Page 2 of 11

Apparent Product Corrected Ground-

Depth to Water  Depth to Product Thickness Water Elevation Product Elevation
Date (ft. TOC) (ft. TOC) (feet) {ft. MSL) {ft. MSL)
EwW-2
09/12/95 -- - -- -- --
07/16/96 - - -- --
10/07/96 - - -
07/10/97 -- -- - -- --
10/28/97 26.64 ND 0.00 566.93 ND
11/03/97 26.70 ND 0.00 566.87 ND
11/20/97 26.58 ND 0.00 566.99 ND
12/16/97 26.72 ND 0.00 566.85 ND
01/28/98 26.23 ND 0.00 567.34 ND
03/02/98 25.90 ND 0.00 567.67 ND
03/09/98 26.15 ND 0.00 567.42 ND
03/14/98 26.08 ND 0.00 567.49 ND
03/30/98 26.20 ND 0.00 567.37 ND
04/08/98 2641 ND 0.00 567.16 ND
04/17/98 26.47 ND 0.00 567.10 ND
04/22/98 26.47 ND 0.00 567.10 ND
05/04/98 25.78 ND 0.00 567.79 ND
05/26/98 26.25 ND 0.00 567.32 ND
06/03/98 26.46 ND 0.00 567.11 ND
06/25/98 26.37 ND 0.00 567.20 ND
(7/08/98 26.37 ND 6.00 567.20 ND
07/17/98 26.50 ND 0.00 567.07 ND
08/11/98 26.56 ND 0.00 567.01 ND
08/17/98 26.62 ND 0.00 566.95 ND
08/25/98 2647 ND 0.00 567.10 ND
09/08/98 26.51 ND 0.00 567.06 ND
09/14/98 26.56 ND 0.00 567.01 ND
12/04/98 26.59 ND 0.00 566.98 ND
12/22/98 26.67 ND 0.00 566.90 ND
Top of Casing Elev. = 593.57 {ft. MSL)
Abbreviations:
ft. TOC = Measured in feet from top of well casing
ft. MSL = Measured in feet above Mean Sea Level
ppm = parts per million
SU= Standard Units
mg/l = milligrams per liter
-- = Not Sampled
ND = Not Detected

M= Site Pro Pump Inoperative

® = Site Pro Pump in well

= Ferret Passive Pump in Well
ROUX ASSOCIATES INC MOOB619J08.56



Table 8. Ground-Water Elevation and Apparent LNAPL Thickness Measurerments for Past Disposal Area Wells,
Solutia, Inc., Nitro, West Virginia.

Page 3 of 11

Apparent Product Corrected Ground-

Depth to Water  Depth to Product Thickness Water Elevation  Product Elevation
Date (it. TOC) (ft. TOC) (feet) (ft. MSL) (ft. MSL)
EW-3
09/12/95 - - - --
07/16/96 -- - - - -
10/07/96 - -- - -
07/10/97 -- - - - .
10/28/97 26.72 ND 0.00 566.96 ND
11/03/97 26.80 ND 0.00 566.88 ND
11720/97 26.59 ND 0.00 566.99 ND
12/16/97 26.78 ND 0.00 566.90 ND
01/28/98 26.33 ND 0.00 567.35 ND
03/02/98 26.00 ND 0.00 567.68 ND
03/09/98 26.22 ND 0.00 567.46 ND
03/14/98 26.15 ND 0.00 567.53 ND
03/30/98 26.25 ND 0.00 567.43 ND
04/08/98 26.50 ND 0.00 567.18 ND
04/17/98 26.51 ND 0.00 567.17 ND
04/22/98 26.51 ND 0.00 567.17 ND
05/04/98 25.82 ND 0.00 567.86 ND
05/26/98 26.29 ND 0.00 567.39 ND
06/03/98 26.50 ND 0.00 567.18 ND
06/25/98 26.41 ND 0.00 567.27 ND
07/08/98 26.40 ND 0.00 567.28 ND
07/17/98 26.54 ND 0.00 567.14 ND
08/11/98 26.60 ND 0.00 567.08 ND
08/17/98 26.67 ND 0.00 567.01 ND
08/25/98 26.51 ND 0.00 567.17 ND
09/08/98 26.57 ND 0.00 567.11 ND
09/14/98 26.61 ND 0.00 567.07 ND
12/04/98 26.61 ND 0.00 567.07 ND
12/22/98 26.74 ND 0.00 366.94 ND
Top of Casing Elev. = 593.68 (ft. MSL}
bbreviations:
ft. TOC = Measured in feet from top of well casing
ft. MSL = Measured in feet above Mean Sea Level
ppm = parts per million
SU= Standard Units
mg/l = milligrams per liter
-- = Not Sampled
ND = Not Detected

(h_

@ _
B)_

Site Pro Pump Inoperative
Site Pro Pump in well

Ferret Passive Pump in Well

ROUX ASSOCIATES INC

MO06619708.56



Table 8. Ground-Water Elevation and Apparent LNAPL Thickness Measurements for Past Disposal Area Wells.
Solutia, Inc., Nitro, West Virginia.

Page 4 of 11

Apparent Product Corrected Ground-

Depth to Water  Depth to Product Thickness Water Elevation Product Elevation
Date (ft. TOC) (ft. TOC) {feet) (ft. MSL) (ft. MSL)
EW-4
09/12/95 -- -- -- -
07/16/96 -- -- - =
10/07/96 - - - - --
07/10/97 - - - - -
10/28/97 25.86 ND 0.00 557.06 ND
11/03/97 2592 ND 0.00 557.00 ND
11/20/97 26.68 ND 0.00 566.99 ND
12/16/97 2595 ND 0.00 556.97 ND
01/28/98 25.53 ND 0.00 557.39 ND
03/02/98 25.15 ND 0.00 557.77 ND
03/09/98 25.36 ND .00 557.56 ND
03/14/98 25.27 ND 0.00 557.65 ND
(3/30/98 25.41 ND 0.00 557.51 ND
04/08/98 25.62 ND 0.00 557.30 ND
04/17/98 25.66 ND 0.00 557.26 ND
04/22/98 25.66 ND 0.00 557.26 ND
05/04/98 2496 ND 0.00 557.96 ND
05/26/98 25.42 ND 0.00 557.50 ND
06/03/98 25.65 ND 0.00 557.27 ND
06/25/98 26.51 ND 0.00 556.41 ND
07/08/98 25.53 ND 0.00 557.39 ND
07/17/98 25.66 ND 0.00 55726 ND
08/11/98 25.74 ND 0.00 557.18 ND
08/17/98 25.80 ND 0.00 557.12 ND
08/25/98 25.65 ND 0.00 557.27 ND
09/08/98 25.70 ND 0.00 557.22 ND
09/14/98 25.75 ND 0.00 55717 ND
12/04/98 25.80 ND 0.00 557.12 ND
12/22/98 2591 ND 0.00 557.01 ND
Top of Casing Elev. = 582.92 (ft. MSL)
ft. TOC = Measured in feet from top of well casing
fi. MSL = Measured in feet above Mean Sea Level
ppm = parts per million
SU = Standard Units
mg/l = milligrams per liter
-- = Not Sampled
ND = Not Detected

V= Site Pro Pump Inoperative

@ = site Pro Pump in well

% = Ferret Passive Pump in Well
ROUX ASSOCIATES INC MO06619J08.56



Table 8. Ground-Water Elevation and Apparent LNAPL Thickness Measurements for Past Disposal Area Wells,
Solutia, Inc., Nitro, West Virginia.

Page 5 of 11

Apparent Produet Corrected Ground-

Depth to Water  Depth to Product Thickness Water Elevation Product Elevation
Date {ft. TOC) (ft. TOC) {feet) (ft. MSL) (ft. MISL)
MW-7
09/12/95 28.59 26.75 1.84 566.88 567.28
07/16/96 30.10 27.70 2.40 565.80 566.33
10/07/96 - -- -- -- -
07/10/97 -- -- - -- -
10/28/97 28.90 26.91 1.99 566.68 567.12
11/03/97 28.75 26.85 1.96 566.76 567.18
11/20/97 30.20 27.26 2.94 566.12 566.77
12/16/97 30.52 26.90 3.62 566.33 567.13
01/28/98 28.01 206.65 136 567.08 567.38
03/02/98 26.66 26.35 0.31 567.61 567.68
03/09/98 27.1% 26.60 0.59 567.30 567.43
03/14/98 26.99 26.47 0.52 567.45 567.56
03/30/98 26.75 26.55 0.20 567.44 567.48
04/08/98 27.36 26.81 0.55 567.10 567.22
04/17/98 27.55 26.81 0.74 567.06 567.22
04/22/98 27.55 26.81 0.74 567.06 567.22
05/04/98 26.55 26.40 0.15 567.60 567.63
05/26/98 27.52 26.64 0.88 567.20 567.39
06/03/98 27.81 26.80 1.01 567.01 567.23
06/25/98 27.39 26.75 0.64 567.14 567.28
07/08/98 27.80 26.71 1.09 567.08 567.32
07/17/98 28.26 26.80 1.46 566.91 567.23
08/11/98 28.42 26.84 1.58 566.84 567.19
08/17/98 28.50 26.84 1.66 566.82 567.19
08/25/98 28.40 26.76 1.64 566.91 567.27
05/08/98 28.49 26.80 1.69 566.86 567.23
09/14/98 28.58 26.81 1.77 566.83 567.22
12/04/98 28.76 26.82 1.94 566.78 567.21
12/22/98 28.77 26.85 1.92 566.76 567.18
Top of Casing Elev. = 594.03 (ft. MISL)
Abbreviations:
ft. TOC = Measured in feet from top of well casing
ft. MSL = Measured in feet above Mean Sea Level
ppm = parts per million
SU= Standard Units
mg/l = milligrams per liter
-- = Not Sampled
ND = Not Detected

"= Site Pro Pump Inoperative

® = Site Pro Pump in well

%) = Ferret Passive Pump in Well
ROUX ASSOCIATES INC MO06619J08.56



Table 8. Ground-Water Elevation and Apparent LNAPL Thickness Measurements for Past Disposal Area Wells,
Solutia, Ine., Nitro, West Virginia.

Page 6 of 11

Apparent Product Corrected Ground-

Depth to Water  Depth to Product Thickness Water Elevation Product Elevation
Date (ft. TOC) (ft. TOC) (feet) {ft. MSL) (ft. MSL)
Ww-1
09/12/95 29.02 27.79 1.23 566.90 567.17
07/16/96 28.86 28.41 0.45 566.45 566.55
10/07/96 -- -- -- -- --
07/10/97 -- -- -- - --
10/28/97 28.20 28.10 0.10 566.84 566.86
11/03/97 28.26 28.15 0.11 566.79 566.81
11/20/97 28.25 28.02 0.23 566.89 566.94
12/16/97 28.40 28.20 0.20 566.72 566.76
01/28/98 27.90 27.69 0.21 567.22 567.27
03/02/98 27.35 ND 0.00 567.61 ND
03/09/98 27.83 ND 0.0.0 567.13 ND
03/14/98 27.76 27.57 0.19 567.35 567.39
03/30/98 27.80 27.76 0.04 567.19 567.20
04/08/98 28.05 27.88 0.17 567.04 567.08
04/17/98 28.12 27.94 0.18 566.98 567.02
04/22/98 28.12 27.44 0.68 567.37 567.52
05/04/98 27.40 27.27 0.13 567.66 567.69
05/26/98 27.71 27.64 0.07 567.30 567.32
06/03/98 28.12 27.95 0.17 566.97 567.01
06/25/98 28.01 27.80 0.21 567.11 567.16
07/08/98 28.02 27.85 0.17 567.07 567.11
07/17/98 28.17 27.98 0.19 566.94 566.98
08/11/98 28.22 28.04 0.18 566,88 566.92
08/17/98 28.32 28.11 0.21 566.80 566.85
08/25/98 28.12 27.96 0.16 566.96 567.00
09/08/98 28.18 28.00 0.18 566.92 566.96
09/14/98 28.20 28.02 0.18 566.90 566.94
12/04/98 28.06 ND 0.00 566.90 ND
12/22/98 28.33 28.14 0.19 566.78 566.82
Top of Casing Elev. = 594.96 (ft. MISL)
bbreviations:
ft. TOC = Measured in feet from top of well casing
ft. MSL = Measured in feet above Mean Sea Level
ppm = parts per million
SU = Standard Units
mg/l = milligrams per liter
-- = Not Sampled
ND = Not Detected

‘= Site Pro Pump Inoperative

) = Site Pro Pump in well

) = Ferret Passive Pump in Well
ROUX ASSOCIATES INC MO06619.408.56



Table 8. Ground-Water Elevation and Apparent LNAPL Thickness Measurements for Past Disposal Area Wells.
Solutia, Inc., Nitro, West Virginia.

Page 7 of 11

Apparent Product Corrected Ground-

Depth to Water  Depth to Product Thickness Water Elevation Product Elevation
Date (ft. TOC) (ft. TOC) (feet) (ft. MSL) {(ft. MSL)
R-2
09/12/95 . - -
07/16/96 -- -- -- - =
10/07/96 = - -- --
07/10/97 -- -- - -- -
10/28/97 27.29 25.75 1.54 566.83 567.17
11/03/97 27.25 25.81 1.44 566.79 567.11
11/20/97 2722 25.67 1.55 566.91 567.25
12/16/97 27.4% 25.80 1.69 566.75 567.12
01/28/98 26.08 25.61 0.47 567.21 567.31
03/02/98 25.70 25.18 0.52 567.63 567.74
03/05/98 25.91 2549 0.42 567.34 567.43
03/14/98 2540 25.38 0.02 567.54 567.54
03/30/98 25.64 25.62 0.02 567.30 567.30
04/08/98 25.86 25.81 0.05 567.10 567.11
04/17/98 2551 25.85 0.06 567.06 567.07
04/22/98 2591 25.85 0.06 567.06 567.07
05/04/98 25.25 25.19 0.06 567.72 567.73
05/26/98 25.68 25.65 0.03 567.26 567.27
06/03/98 25.90 25.83 0.07 567.07 567.09
06/25/98 25.85 25.71 0.14 567.18 567.21
07/08/98 2586 25.75 0.11 567.15 567.17
07/17/98 25.99 25.89 0.10 567.01 567.03
08/11/98 26.39 25.87 0.52 566.94 567.05
08/17/98 2641 2594 0.47 566.88 566.98
08/25/98 26.37 25.77 0.60 567.02 567.15
09/08/98 26.61 25.78 0.83 566.96 567.14
09/14/98 26.74 25.78 0.96 566.93 567.14
12/04/98 27.22 257 1.52 566.89 567.22
12/22/98 27.31 25.82 1.49 566.77 567.10
Top of Casing Elev. = 592.92 {ft. MSL)
\bbreviations:
ft. TOC = Measured in feet from top of well casing
ft. MSL = Measured in feet above Mean Sea Level
ppm = parts per million
SU = Standard Units
mg/l = milligrams per liter
--= Not Sampled
ND = Not Detected

= Site Pro Pump Inoperative

® = Site Pro Pump in well

% = Ferret Passive Pump in Well
ROUX ASSOCIATES INC MO06619.J08.56



Table 8. Ground-Water Elevation and Apparent LNAPL Thickness Measurements for Past Disposal Area Wells.

Solutia Inc., Nitro, West Virginia. Page 8 of 11
Apparent Product Corrected Ground-
Depth to Water  Depth to Product Thickness Water Elevation Product Elevation
Date (ft. TOC) (ft. TOC) {feet) (ft. MSL) (ft. MSL)
B-1
09/12/95 29.46 27.77 1.69 566.84 567.21
07/16/96 29.75 28.06 1.69 566.55 566.92
08/09/96 29.21 27.88 1.33 566.81 567.10
10/28/97 @ - - - e s
11/03/97 © 30.10 28.10 2.00 566.44 566.88
11/20/97 @ 30.65 30.62 0.03 564.35 564.36
12/16/97 @ - - - - --
01/28/98 @ 29.03 27.69 1.34 567.00 567.29
03/02/98 @ 27.90 27.34 0.56 567.52 567.64
03/09/98 © 29.80 29.40 0.40 565.49 565.58
03/14/98 @ 28.12 27.56 0.56 567.30 567.42
03/30/98 28.35 ND 0.00 566.63 ND
04/08/98 © - w - -- -
04/17/98 29.05 28.09 0.96 566.68 566.89
04/22/98 29.05 28.09 0.96 566.68 566.89
05/04/98 27.95 27.60 0.35 567.30 567.38
05/26/98 28.41 27.73 0.68 567.10 567.25
06/03/98 28.15 ND 0.00 566.83 ND
06/25/98 29.89 28.21 1.68 566.40 566.77
07/08/98 28.80 27.76 1.04 566.99 567.22
07/17/98 29.20 27.85 1.35 566.83 567.13
08/11/98 29.43 28.88 0.55 565.98 566.10
08/17/98 29.46 27.87 1.59 566.76 567.11
08/25/98 29.40 27.81 1.59 566.82 567.17
09/08/98 29.49 27.82 1.67 566.79 567.16
09/14/98 29.56 27.86 1.70 566.75 567.12
12/04/98 29.72 27.85 1.87 566.72 567.13
12/22/98 29.70 27.85 1.85 566.72 567.13
Top of Casing Elev. = 594,98 {ft. MSL)

ft. TOC = Measured in feet from top of well casing
ft. MSL = Measured in feet above Mean Sea Level
ppm = parts per million
SU = Standard Units
mg/l = milligrams per liter
--= Not Sampled

ND = Not Detected

M= Site Pro Pump Inoperative

@ = Site Pro Pump in well

) = Ferret Passive Pump in Well

ROUX ASSOCIATES INC SO06619J08.56



Table 8. Ground-Water Elevation and Apparent LNAPL Thickness Measurements for Past Disposal Area Wells.
Solutia, Inc., Nitro, West Virginia.

Page 9 of 11

Apparent Product Corrected Ground-

Depth to Water  Depth to Product Thickness Water Elevation  Product Elevation
Date (ft. TOC) (ft. TOC) (feet) (ft. MSL) (ft. MSL)
B-2
09/15/95 26.8 25.57 1.23 567.03 567.30
07/16/96 27.58 25.91 1.67 566.59 566.96
10/07/96 - - - - .
07/10/97 37 5
10/28/97 @ 27.57 26.45 1.12 566.17 566.42
11/03/97 @ 27.71 26.50 1.21 566.10 566.37
1120197 @ 27.45 26.35 1.10 566.28 566.52
12/16/97 @ 27.80 26.50 1.30 566.08 566.37
01/28/98 @ 26.42 25.41 1.01 567.24 567.46
03/02/98 @ 25.16 ND 0.00 567.71 ND
03/09/98 @ 26.65 25.48 1.17 567.13 567.39
03/14/98 @ 25.65 25.31 0.34 567.49 567.56
03/30/98 25.60 25.43 0.17 567.40 567.44
04/08/98 2581 25.65 0.16 567.18 567.22
04/17/98 2591 25.70 0.21 567.12 567.17
04/22/98 25.91 25.70 0.21 567.12 567.17
05/04/98 25.28 25.00 0.28 567.81 567.87
05/26/98 25.80 25.48 0.32 567.32 567.39
06/03/98 26.18 25.60 0.58 567.14 567.27
06/25/98 26.15 24.45 1.70 568.05 568.42
07/08/98 26.18 25.44 0.74 567.27 567.43
07/17/98 26.45 25.60 0.85 567.08 567.27
08/11/98 26.69 25.65 1.04 566.99 567.22
08/17/98 26.71 25.65 1.06 566.99 567.22
08/25/98 26.58 25.60 0.98 567.05 567.27
09/08/98 26.66 25.61 1.05 567.03 567.26
09/14/98 26.69 25.61 1.08 567.02 567.26
12/04/98 26.78 25.66 1.12 566.96 567.21
12/22/98 27.02 25.77 1.25 566.83 567.10
Top of Casing Elev. = 592.87 (ft. MISL)
ft. TOC = Measured in feet from top of well casing
ft. MSL = Measured in feet above Mean Sea Level
ppm = parts per miilion
SU = Standard Units
mg/l = milligrams per liter
-- = Not Sampled
ND = Not Detected

V- Site Pro Pump Inoperative

@ = Site Pro Pump in well

)= Ferret Passive Pump in Well
ROUX ASSOCIATES INC MOQG6619.J08.56



Table 8. Ground-Water Elevation and Apparent LNAPL Thickness Measurements for Past Disposal Area Wells,
Solutia, Inc., Nitro, West Virginia.

Page 10 of 11

Apparent Product Corrected Ground-

Depth to Water  Depth to Product Thickness Water Elevation Product Elevation
Date (ft. TOC) (ft. TOC) (feet) (ft. MISL) (ft. MSL)
B-3
09/15/95 20.76 27.80 1.96 566.91 567.34
07/16/96 30.36 28.16 2.20 566.50 566,98
10/07/96 == = - -
07/10/97 - - - - -
10/28/97 @ 29.95 27.86 2.09 566.82 567.28
11/03/97 ¢ 29.88 27.85 2.03 566.84 567.29
11/20/97 @ 20.81 27.81 2.00 566.89 567.33
12/16/97 @ - o - -
01/28/98 29.60 28.11 1.49 566.70 567.03
03/02/98 27.70 ND 0.00 567.44 ND
03/09/98 @ 28.55 ND 0.00 566.59 ND
03/14/98 @ 28.01 ND 0.00 567.13 ND
03/30/98 27.88 ND 0.00 567.26 ND
04/08/98 28.15 ND 0.00 566.99 ND
04/17/98 28.78 28.08 0.70 566.91 567.06
04/22/98 28.78 28.08 0.70 566.91 567.06
05/04/98 28.07 27.76 0.31 567.31 567.38
05/26/98 29.05 28.00 1.05 566.91 567.14
06/03/98 30.20 28.03 2.17 566.63 567.11
06/25/98 28.62 28.10 0.52 566.93 567.04
07/08/98 28.91 27.77 1.14 567.12 567.37
07/17/98 29.51 27.80 1.71 566.96 567.34
08/11/98 29.64 27.84 1.80 566.90 567.30
08/17/98 29.56 27.85 1.71 566.91 567.29
08/25/98 29.65 27.80 1.85 566.93 567.34
09/08/98 29.67 27.82 1.85 566.91 567.32
09/14/98 29.81 27.82 1.99 566.88 567.32
12/04/98 26.64 27.86 2.08 566.82 567.28
12/22/98 29.89 27.87 2.02 566.83 567.27
Top of Casing Elev. = 595.14 (ft. MSL)
ft. TOC = Measured in feet from top of well casing
ft. MSL = Measured in feet above Mean Sea Level
ppm = parts per million
SU = Standard Units
mg/l = milligrams per liter
- = Not Sampled
ND = Not Detected

= Site Pro Pump Inoperative

@ = Site Pro Pump in well

®) = Ferret Passive Pump in Well
ROUX ASSOCIATES INC MO06619J08.56



Table 8. Ground-Water Elevation and Apparent LNAPL Thickness Measurements for Past Disposal Area Wells.
Solutia, Inc., Nitro, West Virginia,

Page 11 of 11

Apparent Product Corrected Ground-

Depth to Water  Depth to Product Thickness Water Elevation Product Elevation
Date (ft. TOC) (it. TOQC) {feet) (ft. MSL) {ft. MSL)
B-4
09/12/95 27.15 26.76 0.39 566.97 567.06
07/16/96 27.18 ND 0.00 566.95 ND
10/07/96 - -- -- -- -
07/10/97 -- - -~ - --
10/28/97 27.55 26.80 0.75 566.86 567.02
11/03/97 27.61 26.78 0.83 566.86 567.04
11/20/97 27.82 26.69 1.13 566.88 567.13
12/16/97 28.45 26.71 1.74 566.73 567.11
01/28/98 27.21 26.48 0.73 567.18 567.34
03/02/98 26.46 26.03 043 567.70 567.79
03/09/98 26.67 26.32 0.35 567.42 567.50
03/14/98 26.54 26.19 0.35 567.55 567.63
03/30/98 26.55 26.22 0.33 567.53 567.60
04/08/98 26.86 26.58 0.28 567.18 567.24
04/17/98 26.91 26.60 031 567.15 567.22
04/22/98 26.91 26.60 0.31 567.15 567.22
05/04/98 26.31 26.07 0.24 567.70 567.75
05/26/98 26.71 26.51 0.20 567.27 367.31
06/03/98 26.93 26.60 0.27 567.10 567.16
06/25/98 26.80 26.55 0.25 567.22 567.27
07/08/98 26.82 26.60 0.22 367.17 567.22
07/17/98 27.03 26.75 0.28 567.01 567.07
08/11/98 27.81 26.82 0.99 566.78 367.00
08/17/98 27.11 26.81 0.30 566.94 567.01
08/25/98 27.07 26.77 0.30 566.98 567.05
09/08/98 27.12 26.78 0.34 566.97 567.04
09/14/98 27.18 26.81 0.37 566.93 567.01
12/04/98 28.15 26.62 1.53 566.86 567.20
12/22/98 28.28 26.61 1.67 566.84 567.21
Top of Casing Elev, = 593.82 (ft. MSL}
Abbreviations:
ft. TOC = Measured in feet from top of well casing
ft. MSL = Measured in feet above Mean Sea Level
ppm = parts per million
SU= Standard Units
mg/l = milligrams per liter
-- = Not Sampled
ND = Not Detected

= site Pro Pump Inoperative

@ = Site Pro Pump in well

) = Ferret Passive Pump in Well
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Table 9. Comparison of Apparent and Actual LNAPL Thickness. Solutia, Inc., Nitro, West Virginia. Page 1 of 1

Apparent LNAPL Actual LNAPL Ratio of Apparent of

Well Thickness (Feet) Thickness (Feet) Actual Thickness
MW-7 1.64 024 6.8:1

Ww-1 0.18 0 -

B-1 1.81 Not Determined --

B-2 1.25 0.40 3.1

B-3 2.08 Not Determined -

B-4 1.5 0.10 15:1

R-2 1.57 0.70 2.2:1

Ew-1 1.15 Not Tested -

Notes:

Wells listed above are those with detectable product.

EW-1 could not be tested due to the rapid water recovery rate.

Actual thicknesses are listed as "less than" where product thickness was decreasing at the end of the test.

-- = Not applicable.

The tests on wells B-1 and B-3 did not give conclusive results. No inflection point was identified in the depth to ground-
water curve.
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Table 10. Summary of Volatile Organic Analytical Results for TCE Hot Spot Extraction Wells. Solutia, Ing., Nitro, West Virginia. Page | of 2

Extraction Well Designation EW-5A EW-58 EW-6A EW-6B

Sample Date 2/13/97 8/6/97 2/13/97 11/3/97 21397 5/9/97 7/22/97 2113/97 7/23/97 8/11/97 9/4/97
Event Pre-Startup At Startup  Pre-Startup At Startup  Pre-Startup At Startop Operation Pre-Startup At Startup Operation Operation
Parameter MOL Units

Acrolein 005 mgl <0.05 <.1 <0.05 <0.05 <0.05 <0.05 <0.05
Acrylonitrile 005 mg/i <0.05 <0.1 <0.05 <0.05 <0.05 <0.05 <0.05
Benzene 0.005 mg 0.036 0.217 0.03 0.043 0.01 0.005 0.046 0.041 0.005 0.051 0.0601
Bromoform 0.005 mg/ <0.005 <0.1 <0.005 <0.005 <(.005 <0.005 <0.005
Carbon tetrachloride 0.005 mg/l <0.005 <0.1 0.021 0.06 0.023 0.048 0.065
Chlorobenzene 0.005 mg/ 0.018 0.089 0.162 0.137 0.014 0.015 0.047 0.279 0.021 0.046 0.051
Chlorodibromomethane 0.005 mgl <0.005 <().1 <(.003 <0.005 <0.005 <0.005 <0.005
Chloroethane 0.005 mg/l <0.005 <Q.1 <0.005 <0.005 <0.005 <0.045 <0.005
2-Chloroethyl vinyl ether 0.005 mgll <0.005 N/A <0.005 <0.005 <0.005 N/A N/A
Chloroform 0.005 mg/l 0.058 0.105 0.016 0.023 6.017 0.022 0.021
cis-1,3-Dichloropropylene  0.005 mg/i <{+.005 <0.1 <0.005 <0.005 <0.005 <0.005 <0.005
Dichlorobromomethane 0.005 mg/l <(.005 <0.1 <0.005 <0,005 <0.005 <0.005 <{.005
1,1-Dichlorethane 0.005 mg/l <005 <0.1 <0.005 <0.005 <0.005 <0.005 <0.005
1,2-Dichlorcthane 0.005 mg/l 0.03 0.024 <0.005 0.01 <0.005 0.01 0.006
1,1-Dichloroethylene 0.005 mg/l 0.006 <0.1 <0.005 0.007 <0.005 0.006 <(.005
1,2-Dichloropane 0.005 mg/l <0.005 0.014 <0.005 0.009 <0.005 0.008 0.008
Ethylbenzene 0.005 mgA 0.012 <01 <0.005 <0.005 0.015 <0.005 <0.005
Methyl bronttde 0.005 mgA <0.005 <0.1 <0.005 <0.005 <0.005 <(.005 <0.005
Methyl chloride 0.005 mg/l <0.005 <0.1 <0.005 <0.005 <0.005 <0.005 <0.005
Methylene chioride 0.005 mg/l <0.005 <0.1 <0.005 <0.005 <0.005 <0.005 <0.005
1,1,2,2-Tetrachloroethane 0.005 mg/ <0.005 <(.1 <(.005 <0.005 <0.005 <0.005 <0.005
Tetrachleroethylene 0.005 mgil <0.005 <(.1 <0.005 <0.005 <0.005 <0.005 <0.005
Toluene G.005 mg/l 0.044 <0.1 <(.005 <0.005 0.006 <0.005 <0.005
trans- 1,2-Dichloroethylene  0.005 mg/1 0.434 0.146 0.142 0.344 0.111 0.454 0.343
trans-1,3-Dichloropropylene  0.005 mg/l 0.489 <.t <(.005 <0.005 <0.005 <0.005 <0.005
1,1,1-Trichloroethane 0.005 mg/ <0.005 <(r.1 <0.005 <0.005 <0.005 <0.005 <0.005
[,1,2-Trichloroethane 0.005 mg/1 <0.005 <0.1 <0.005 0.025 <0.005 0.027 0.025
Trichloroethene 0.005 mg/ 212 7.36 1.05 0.871 1.3 0.98 .13 3.42 0.752 1.96 1.32
Vinyl chloride 0.005 mg/l 0.05 0.025 0.011 1.13 0.03 1.19 1.56
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Table 10. Summary of Volatile Organic Analytical Results for TCE Hot Spot Extraction Wells. Solutia, Inc., Nitro, West Virginia. Page 2 of 2

Extraction Well Designation EW-T7A EW-7B EW-8

Sample Date 2/13/97 4/11/97 2/13/97 T116/97 213197 319/97
Event Pre-Startup At Startup Pre-Startup At Startup Pre-Startup At Startup
Parameter MQL. Units

Acrolein .05 mg/l <0.25 <0.05
Acrylonitrile .05 mg/ <(.25 <0.05
Benzene 0.005 mg/l 0.032 0.027 0.022 0.059 0.028 0.014
Bromoform 0.005 mgA <(.025 <0.005
Carbon tetrachloride 0.005 mg/l <0.025 0.88
Chlorobenzene 0.005 mg/ 0.357 0.453 0.029 <(.01 <(.005 <0.005
Chloredibromomethane 0.005 mg/l <0.025 <0.005
Chloroethane 0.005 mg/ <(.025 <0.005
2-Chloroethyl vinyl ether 0.005 mg/l <0.025 <0.005
Chloreform 0.005 mg/ <0.025 0.401
cis-1,3-Dichloropropylenc  0.005 mg/l <0.025 <0.005
Dichlorehromomethane 0.005 mg/ <0.025 0.006
1,1-Dichlorethane 0.005 mg/ <0.025 <0.005
1,2-Dichlorethane 0.005 mg/l <0.025 <0.005
1,1-Dichloroethylene 0.005 mgi <0.025 <0.005
1,2-Dichloropane 0.005 mg/l <0.025 <0.005
Ethylbenzene 0.005 mg/l 0.203 <0.005
Methy!l bromide 0.065 mg/l <0.025 <0.005
Methyl chloride 0.005 mg/ <0.025 <0.005
Methylene chloride 0.005 mg/l <0.025 0.008
1,1,2,2-Tetrachlorogthane 0.005 mg/l <0.025 <0.005
Tetrachloroethylene 0.005 mg/l <0.025 <0.005
Toluene 0.005 mpg/l 0.102 0.025
trans- 1,2-Dichloroethylene  0.005 g/l 347 0.06
trans-1,3-Dichloropropylene 0.005 mg/l <0.025 <0.005
1,1,1-Trichloroethane 0.005 mg/l <0.025 <0.005
1,1,2-Trichloroethane 0.005 mg/t <0.025 <0.005
Trichloroethene 0.005 mg/ 4.84 i4 4 0.942 1.3 .602
Viny! chloride 0.005 mgll 0.063 <0.005
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Table 11. Summary of TCE Hot Spot Area Extraction Well and Mass Removal. Solutia, Inc., Nitro, West Virginia. Page 1 of 1

Extraction Well Extraction Well Average Concentration  Average Flow Rate Mass Removed
Extraction Well Total Flow (gal.) Startup Date Shutdown Date {mg/t) (gpm) (1bs.)
EW-5A 87,452 8/6/97 4/9/98 4.74 0.247 3.46
EW-5B 575,395 11/3/97 4/9/98 0.96 2.545 4.61
EW-6A 232,767 5/9/97 4/9/98 1.14 0.483 2.21
EW-6B 2,426,537 7/23/97 4/9/98 1.86 6.481 37.73
EW-7A 117,652 4/11/97 4/9/98 4.12 0.225 4.05
EW-7B 5,418,879 3/19/97 4/9/98 247 9.749 111.75
EW-8 51,100 2/13/97 4/9/98 0.95 0.084 0.41
Tatal for all
Extraction wells 8,909,782 -- -- -- 19.814 164.22
Notes:
gal. = Gallons.

mg/l = Milligrams per liter,
-- = Not calculated.

gpm. = gallons per minute,
tbs. = Pounds.
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Page 1 of 4
Table 12. Summary of Benzene and Phenols Analytical Results for Nitro Dump Area Quarterly Performance Monitoring. Solutia, Inc., Nitro, West Virginia.

Well WT-13A
Date 9/19/96  12/5/96 3/3/97 6/17/97  9/9/97 11/20/97 2/18/98  6/25/98  10/6/98  12/4/98
Parameter MDL
phenol 0.02 ND ND ND ND ND ND ND ND ND ND
2-chlorophenol 0.02 ND ND ND ND ND ND ND ND ND ND
2-nitrophenol 0.02 ND ND ND ND ND ND ND ND ND ND
2,4-dimethylphenol 0.02 ND ND ND ND ND ND ND ND ND ND
2.4-dichlorophenol 0.02 ND ND ND ND ND ND ND ND ND ND
4-chloro,3-methylphenol 0.02 ND ND ND ND ND ND ND ND ND ND
2,4,6-trichlorophenol 0.02 0.122 0.193 ND ND ND ND 0.056 ND ND ND
2,4-dinttrophenol 0.02 ND ND ND ND ND ND ND ND ND ND
4-nitrophenol 0.02 ND ND ND ND ND ND ND ND ND ND
2-methyl.4,6-dinitrophenol 0.02 ND ND ND ND ND ND ND ND ND ND
pentachlorophenol 0.02 ND ND ND ND ND ND ND ND ND ND
o-cresol 0.02 ND ND ND ND ND ND ND ND ND ND
m,p-cresol 0.04 ND ND ND ND ND ND ND ND ND ND
2,4,5-trichlorophenol 0.02 NA NA NA NA 0.175 0.157 ND ND 0.113 ND
Total Phenolic Compounds NA 0.122 0.193 0 0 0.175 0.157 0.056 0 0.113 0
benzene 0.005 0.013 0.005 ND ND ND ND ND ND ND ND
Ground-Water-Elevation (ft. MSL) 566.63 568.56 568.34 566.43 566.41 566.37 568.17 566.61 566.23 566.26
Notes:

MDL = Method Detection Limit,
ND = Not Detected Above MDL.
NA = Not Analyzed.

MSL = Mean Sea Level.
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Page 2 of 4
Table 12. Summary of Benzene and Phenols Analytical Results for Nitro Dump Area Quarterly Performance Monitoring. Selutia, Inc., Nitro, West Virginia.

Well WT-14A
Date 9/19/96  12/5/96 3/3/97 6/17/97 9/9/97  11/20/97  2/18/98  6/25/98  10/6/98  12/4/98
Parameter MDL
phenol 0.02 0.34} 0.089 ND 0.509 ND ND ND 0.108 ND ND
2-chlorophenol 0.02 0.020 ND ND ND ND ND ND ND ND ND
2-nitrophenol 0.02 ND ND ND ND ND ND 0.024 ND ND ND
2,4-dimethylphenol 0.02 0.307 ND 0.032 0.058 0.097 ND ND 0.182 ND ND
2,4-dichlorophenol 0.02 0.067 0.036 ND ND 0.032 0.024 ND 0.024 0.033 ND
4-chloro,3-methylphenol 0.02 ND 0.167 ND 0.206 ND ND ND 0.181 ND ND
2,4,6-trichlorophenol 0.02 0.187 0.074 ND 0.134 0.108 ND 0.02 ND ND ND
2 4-dinitrophenol 0.02 ND ND ND ND ND ND ND ND ND ND
4-nitrophenol 0.02 ND ND ND ND ND ND ND ND ND ND
2-methyl,4,6-dinitrophenol 0.02 ND ND ND ND ND ND ND ND ND ND
pentachlorophenol 0.02 ND ND ND ND ND ND ND ND ND ND
o-cresol 0.02 0.336 0.031 0.062 0.393 ND ND ND 0.113 ND ND
m,p-cresol 0.04 7.200 2.870 ND 10.400 ND ND ND 1.72 ND ND
2.4,5-trichlorophenol 0.02 NA NA NA NA ND 0.074 ND 0.102 0.030 ND
Total Phenolic Compounds NA 8.458 3.267 0.094 11.700 0.237 0.098 0.044 2430 0.063 0
.benzene 0.005 1.21 ND 0.496 0.93 0.268 0.034 0.352 0.478 0.008 ND
Ground-Water-Elevation (ft. MSL) 568.14 571.82 572.05 568.84 567.78 566.98 571.95 571.87 567.21 566.74
Notes:

MDIL = Method Detection Limit.
ND = Not Detected Above MDL.
NA =Not Analyzed.

MSL = Mean Sea Level.
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Page 3 of 4
Table 12. Summary of Benzene and Phenols Analytical Results for Nitro Dump Area Quarterly Performance Monitoring. Solutia, Inc., Nitro, West Virginia,

Well WT-15A
Date 9/27/96  12/5/96 3/3/97 6/17/97 9/9/97  11/20/97  2/18/98  6/25/98  10/6/98  12/4/98
Parameter MDL
phenol 0.02 ND ND ND ND ND ND ND ND ND ND
2-chlorophenol 0.02 ND ND ND ND ND ND ND ND ND ND
2-nitrophenol 0.02 ND ND ND ND ND ND ND ND ND ND
2,4-dimethylphenol 0.02 ND ND ND ND ND ND ND ND ND ND
2.4-dichlorophenol 0.02 ND ND ND ND ND ND ND ND ND ND
4-chloro,3-methylphenol 0.02 ND ND ND ND ND ND ND ND ND ND
2,4,6-trichlorophenol 0.02 ND ND ND ND ND ND ND ND ND ND
2,4-dinitrophenol 0.02 ND ND ND ND ND ND ND ND ND ND
4-nitrophenol 0.02 ND ND ND ND ND ND ND ND ND ND
2-methyl 4,6-dinitrophenal 0.02 ND ND ND ND ND ND ND ND ND ND
pentachlorophenol 0.02 ND ND ND ND ND ND ND ND ND ND
o-cresol 0.02 ND ND ND ND ND ND ND ND ND ND
m,p-cresol 0.04 ND ND ND ND ND ND ND ND ND ND
2,4,5-trichlorophenol 0.02 NA NA NA NA ND ND ND ND ND ND
Tatal Phenclic Compounds NA 0 0 0 0 0 0 0 0 0 0
benzene 0.005 0.009 0.01 ND 0.007 0.008 0.008 0.011 0.008 0.006 ND
Ground-Water-Elevation (ft. MSL) 582.76 582.28 582.23 580.11 580.01 579.17 579.73 581.29 578.79 580.56
Notes:

MDL = Method Detection Limit.
ND = Not Detected Above MDL.
NA = Not Analyzed.

MSL = Mean Sea Level.

ROUX ASSOCIATES INC MO0669108. 56



Page 4 of 4
Table 12. Summary of Benzene and Phenols Analytical Results for Nitro Dump Area Quarterly Performance Monitoring. Selutia, Inc., Nitro, West Virginia.

Well TD-5
Date 9/19/%96  12/5/96 3/3/97 6/17/97 9/9/97  11720/97  2/18/98  6/25/98  10/6/98  12/4/98
Parameter MDL
phenol 0.02 ND ND ND ND ND ND ND ND ND ND
2-chlorophenol 0.02 ND ND ND ND ND ND ND ND ND ND
2-nitrophenol 0.02 ND ND ND ND ND ND ND ND ND ND
2,4-dimethylphenol .02 ND ND ND ND ND ND ND ND ND ND
2,4-dichlorophenol (.02 ND ND ND ND ND ND ND ND ND ND
4-chloro,3-methylphenol 0.02 ND ND ND ND ND ND ND ND ND ND
2,4.6-trichlorophenol 0.02 ND ND ND 0.186 ND ND ND ND ND ND
2,4-dinitrophenol 0.02 ND ND ND ND ND ND ND ND ND ND
4-nitrophenol 0.02 ND ND ND ND ND ND ND ND ND ND
2-methyl,4,6-dinitrophenol 0.02 ND ND ND ND ND ND ND ND ND ND
pentachlorophenol 0.02 ND ND ND ND ND ND ND ND ND ND
o-cresol 0.02 ND ND ND ND ND ND ND ND ND ND
m,p-cresol 0.04 ND ND ND ND ND ND ND ND ND ND
2.4,5-trichlorophenol 0.02 NA NA NA NA ND ND ND ND ND ND
Total Phenolic Compoeunds NA 0 0 0 0.186 0 0 0 0 0 0
benzene 0.005 ND 0.01 ND ND ND ND ND ND ND ND
Ground-Water-Elevation (ft. MSL) 566.78 568.64 571.38 566.61 566.59 566.49 568.36 566.76 566.34 566.43
Notes:

MDL = Method Detection Limit.
ND = Not Detected Above MDL.
NA = Not Analyzed.

MSL = Mean Sea Level.
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Page | of 1
Tabile 13. Summary of Well WT-14A Nutrient Analysis for Nitro Dump Area Quarterly Performance Monitoring. Solutia, Inc., Nitro, West Virginia.

Date Ammonia  Nitrate-Nitrite (as N) Nitrate (as N)  Nitrite (as N} Ortho-phosphate pH (in su) Total Phosphate TKN
9/9/97 421 67.1 0.48 7.54 1.5 568
11/20/97 811 23.5 <0.5 0.55 6.7 0.7 105
2/19/98 295 58 0.44 7.67 0.89 342
6/26/98 52.2 6.87 <0.5 0.19 7.83 0.71 67.8
10/6/98 120 61.9 <0.5 0.35 7.65 0.76 215

12/4/98 252 0.57 7.51 0.68 40.5

SU = Standard Units.
TKN = Total Kljeldahl Nitrogen.
All units in mg/1.
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